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(54) Surface plasmon sensor 

(57) A surface plasmon sensor comprises a sensor 
unit, which is provided with a transparent substrate and 
a metal film, and a coupler, which carries out light beam 
coupling and is separate from the sensor unit. A light 
beam is entered from a light beam entry portion of the 
coupler, and an attenuated total reflection angle 6 sp is 
detected from the light beam, which has been totally 
reflected from an interface between the transparent 
substrate and the metal film and has then been radiated 
out of a light beam radiating portion of the coupler. The 
sensor unit is supported by a sensor unit attachment 
such that a distance between the transparent substrate 
and the coupler may be kept to be equal to a predeter- 
mined value. The space between the transparent sub- 
strate and the coupler is filled with a refractive index 
matching liquid. Fitting of the sensor unit in the surface 
plasmon sensor is easy to carry out. and the relation- 
ship between positions of the sensor unit and the cou- 
pler can be kept constant. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This Invention relates to a surface plasmon sensor 
for quantitatively analyzing a substance in a sample by 
utilizing the occurrence of surface plasmon. This inven- 
tion particularly relates to a surface plasmon sensor, 
wherein a light beam coupler means and a metal film, 
which serves as a sensing means, are spaced apart 
from each other. This invention also relates to a surface 
plasmon sensor, which enables measurement with one- 
or two-dimensional scanning. This invention further 
relates to a surface plasmon sensor provided with an 
improved light beam coupler means. 

Description of the Prior Art 

In metals, free electrons vibrate collectively, and a 
compression wave referred to as a plasma wave is 
thereby produced. The compression wave occurring on 
the metal surface and having been quantized is referred 
to as the surface plasmon. 

Various surface plasmon sensors for quantitatively 
analyzing a substance in a sample by utilizing a phe- 
nomenon, in which the surface plasmon is excited by a 
light wave, have heretofore been proposed. As one of 
well known surface plasmon sensors, a surface plas- 
mon sensor utilizing a system referred to as the Kret- 
schman arrangement may be mentioned. The surface 
plasmon sensor utilizing the system referred to as the 
Kretschman arrangement is described in, for example, 
Japanese Unexamined Patent Publication No. 6(1994)- 
167443. 

Basically, the surface plasmon sensor utilizing the 
system referred to as the Kretschman arrangement 
comprises (i) a prism, (ii) a metal film, which is formed 
on one surface of the prism and is brought into contact 
with a sample, (iii) a light source for producing a light 
beam, (iv) an optical system for causing the light beam 
to pass through the prism and to impinge upon the inter- 
face between the prism and the metal film such that var- 
ious different angles of incidence may be obtained with 
respect to the interface, and (v) a photo detecting 
means capable of detecting the intensity of the light 
beam, which has been totally reflected from the inter- 
face, with respect to each of the various different angles 
of incidence. 

In order for various different angles of incidence to 
be obtained, a goniometer, with which a light beam irra- 
diating system is rotated, may be employed. The goni- 
ometer is disclosed in. for example, Japanese 
Unexamined Patent Publication No. 6(1994)-50882. 
Alternatively, an optical system may be employed, with 
which a light beam having a comparatively large beam 
diameter is converged on the interface between the 



prism and the metal film such that the light beam may 
contain components impinging at various different 
angles of incidence upon the interface. In the former 
case, the light beam, which has been reflected at vari- 

5 ous different angles of reflection from the interface in 
accordance with the deflection of the incident light 
beam, may be detected with a small photodetector, 
which moves in synchronization with the deflection of 
the light beam, or may be detected with an area sensor 

w extending in the direction, along which the angle of 
reflection of the light beam changes. In the latter case, 
the light beam may be detected with an area sensor 
extending in a direction such that the area sensor can 
receive all of the light beam components having been 

75 reflected at various different angles of reflection from 
the interface. 

When a light beam impinges at an angle of inci- 
dence 6, which is not smaller than the total reflection 
angle, upon the metal film, an oozing wave, which is 

20 referred to as an evanescent wave, occurs in the metal 
film serving as the reflection surface. The evanescent 
wave has an electric field distribution in the sample, 
which is in contact with the metal film, and the surface 
plasmon occurs at the interface between the metal film 

25 and the sample. In cases where the wave vector of the 
evanescent wave, which has occurred when the light 
beam composed of a P-polarized light component 
impinges upon the metal film, coincides with the wave 
vector of the surface plasmon and wave number match- 

30 ing is obtained, the evanescent wave and the surface 
plasmon resonate, and energy of the light transfers to 
the surface plasmon. As a result, the surface plasmon is 
excited. At this time, the intensity of the light, which is 
totally reflected from the metal film, becomes markedly 

35 low due to the transfer of light energy. 

Therefore, with the surface plasmon sensor 
described above, the light beam is caused to impinge 
upon the metal film at various different angles of inci- 
dence e. Also, with respect to each of the various differ- 

40 ent angles of incidence e. the intensity of the light beam, 
which has been totally reflected from the metal film, is 
detected. In this manner, an angle of incidence e sp 
(hereinbelow referred to as the attenuated total reflec- 
tion angle or the ATR angle) at which the phenomenon 

45 of marked decrease in intensity of reflected light beam 
occurs, can be found. A resonance wave number Ks p 
can then be derived from ATR angle e sp and the wave 
vector K t of the incident light in accordance with the 
relationship, K sp =K ^ine ^ . rf the wave number K-p of 

so the surface plasmon is found, a dielectric constant of 
the sample can be calculated. Specifically, the formula 
shown below obtains. 



wherein <d represents the angular frequency of the sur 
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face plasmon, c represents the light velocity in a vac- 
uum, c m represents the dielectric constant of the metal, 
and eg represents the dielectric constant of the sample. 

If the dielectric constant % of the sample is found, 
the concentration of a specific substance contained in 
the sample can be calculated from a predetermined cal- 
ibration curve, or the like. Accordingly, the specific sub- 
stance contained in the sample can be quantitatively 
analyzed by finding the ATR angle e sp , at which the 
intensity of the reflected light beam becomes low. 

In the example of the surface plasmon sensor 
described above, the metal film, which serves as the 
sensing means, is formed directly on one surface of the 
prism, which serves as the light beam coupler. However, 
actually, for reasons of apparatus constitution, the sur- 
face plasmon sensor has the constitution such that the 
metal film may be formed as a film independent of the 
coupler. Specifically, the metal film is formed on one sur- 
face of a transparent substrate, which may be consti- 
tuted of glass. (The combination of the transparent 
substrate and the metal film formed on the transparent 
substrate will hereinbelow be referred to as the sensor 
unit.) Also, the other surface of the transparent sub- 
strate is brought into close contact with the coupler. 
Heretofore, in cases where such a separation type of 
constitution is employed, a refractive index matching liq- 
uid is coated on the joint area between the sensor unit 
and the coupler, and the sensor unit and the coupler are 
thereby brought into close contact with each other with 
the refractive index matching liquid intervening therebe- 
tween, such that the adverse effects of reflection and 
multiple reflection due to an air layer at the joint area 
may be eliminated. 

However, with the constitution in which the refrac- 
tive index matching liquid is coated on the joint area 
between the sensor unit and the coupler, and the sensor 
unit and the coupler are thereby brought into close con- 
tact with each other with the refractive index matching 
liquid intervening therebetween, the problems occur in 
that considerable time and labor are required to mount 
and dismount the sensor unit. Since the exchanging of 
the sensor unit is carried out very frequently, it is desired 
that the exchanging of the sensor unit can be carried out 
easily. Also, the thickness of the layer of the refractive 
index matching liquid between the coupler and the sen- 
sor unit cannot easily be kept to be equal to a predeter- 
mined value. Nonuniformity in thickness of the layer of 
the refractive index matching liquid, which nonuniformity 
occurs at the time of exchanging of the sensor unit, or 
the like, adversely affects the detection accuracy of the 
surface plasmon sensor. 

SUMMARY OF THE INVENTION 

The primary object of the present invention is to 
provide a surface plasmon sensor, wherein it is easy to 
fit a sensor unit in the surface plasmon sensor, and rela- 
tionship between positions of the sensor unit and a cou- 



pler is kept constant. 

Another object of the present invention is to provide 
a surface plasmon sensor, which has a simple constitu- 
tion and in which one- or two-dimensional scanning is 

5 capable of being carried out over a wide area. 

A further object of the present invention is to pro- 
vide a surface plasmon sensor, wherein multiple reflec- 
tion interference of light does not occur, the size of an 
optical system is kept small, and various angles of inci- 

10 dence of a light beam upon an interface are obtained 
with a simple optical system. 

A still further object of the present invention is to 
provide a surface plasmon sensor, wherein various 
angles of incidence of a light beam upon an interface 

is are obtained with a simple optical system, and one- or 
two-dimensional scanning is capable of being carried 
out, such that analyses of a plurality of samples may be 
carried out under the same conditions, or such that two- 
dimensional information representing physical proper- 

20 ties of a substance contained in a sample may be 
obtained. 

The present invention provides a first surface plas- 
mon sensor, comprising: 

25 i) a sensor unit provided with a transparent sub- 
strate, which has a predetermined refractive index, 
and a metal film, which is located on one surface 
side of the transparent substrate, and 
ii) a coupler means located on the other surface 

30 side of the transparent substrate, which surface 
side is opposite to the one surface, with a refractive 
index matching liquid, which has a refractive index 
approximately equal to the predetermined refrac- 
tive index, intervening between the transparent 

35 substrate and the coupler means, 

the coupler means having a light beam entry 
portion, which is formed at a portion of the coupler 
means, and a light beam radiating portion, which is 
formed at a different portion of the coupler means, 

40 such that the coupler means may transmit a con- 
verged light beam having been entered from the 
light beam entry portion, may cause the transmitted 
light beam to impinge with a predetermined beam 
diameter upon an interface between the transpar- 

45 ent substrate and the metaJ film, may transmit the 
light beam having been reflected from the interface, 
and may then radiate the reflected light beam out of 
the light beam radiating portion, portions of the cou- 
pler means, which transmit the light beam, having a 

so refractive index approximately equal to the prede- 
termined refractive index, 

the surface plasmon sensor causing the light 
beam to enter from the light beam entry portion and 
detecting an attenuated total reflection angle (i.e. 

55 an ATR angle) e sp from the light beam, which has 
been totally reflected from the interface and has 
then been radiated out of the light beam radiating 
portion, 
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wherein a sensor unit support means is pro- 
vided, the sensor unit support means supporting 
the sensor unit such that a distance between the 
transparent substrate and the coupler means may 
be kept to be equal to a predetermined value, and 

wherein the space between the transparent 
substrate and the coupler means is filled with the 
refractive index matching liquid. 

In the first surface plasmon sensor in accordance 
with the present invention, by way of example, the sen- 
sor unit support means may be secured to a portion of 
the coupler means. 

Also, in order for the aforesaid space to be filled 
with the refractive index matching liquid, the constitution 
described below may be employed. Specifically, the first 
surface plasmon sensor in accordance with the present 
invention may further comprise a matching liquid supply 
means, which supplies the refractive index matching liq- 
uid into the space, and 

a vacant member, which communicates with the 
space and allows the refractive index matching liquid to 
be introduced up to a position higher than the other sur- 
face of the transparent substrate, 

the refractive index matching liquid being filled in 
the space by the matching liquid supply means. 

Alternatively, a liquid reservoir for storing the refrac- 
tive index matching liquid therein may be formed on the 
side of the coupler means, which side stands facing the 
transparent substrate, 

the transparent substrate may be provided with a 
waterproof wall, which surrounds the metal film, and 

the sensor unit may be supported in the liquid 
reservoir such that the other surface of the transparent 
substrate may be immersed in the refractive index 
matching liquid. 

In this condition, the aforesaid space may be filled with 
the refractive index matching liquid. 

The light beam entry portion and the light beam 
radiating portion of the coupler means may be formed in 
the manner described below. Specifically, the coupler 
means may be provided with a prism, and 

the light beam entry portion and the light beam 
radiating portion may be formed in the prism. 

Alternatively, each of the light beam entry portion 
and the light beam radiating portion of the coupler 
means may be constituted of a diffraction grating. 

As another alternative, the coupler means may be 
provided with a convex portion on the side of the coupler 
means, which side is opposite to the side facing the 
transparent substrate, 

each of one lateral face of the convex portion and 
the other lateral face thereof, which is opposite to the 
one lateral face, may be constituted of a transparent 
plate, the region inside of the convex portion being filled 
with the refractive index matching liquid, and 

the one lateral face and the other lateral face of 
the convex portion may respectively serve as the light 



beam entry portion and the light beam radiating portion. 

The term "coupler means" as used herein means a 
group of various means for coupling the light beam, 
which impinges upon the interface between the trans- 

5 parent substrate and the metal film, under surface plas- 
mon resonance producing conditions. 

The first surface plasmon sensor in accordance 
with the present invention may be modified such that the 
transparent substrate of the sensor unit may be consti- 

10 tuted of a main transparent substrate and a supporting 
transparent substrate, which have the predetermined 
refractive index and are in close contact with each other, 
the metal film may be located on the main trans- 
parent substrate, and 

75 the supporting transparent substrate may be 

located such that it may stand facing the coupler means 
with the refractive index matching liquid intervening 
therebetween. 

Also, in such cases, the main transparent substrate and 

20 the supporting transparent substrate may be in close 
contact with each other via a refractive index matching 
liquid, which has a refractive index approximately equal 
to the predetermined refractive index. 

Further, the first surface plasmon sensor in accord- 

25 ance with the present invention may be modified such 
that a bonding reaction film may be located on the metal 
film, and the surface plasmon sensor may detect a spe- 
cific substance, which is capable of undergoing a bond- 
ing reaction with the bonding reaction film. By way of 

30 example, the "bonding reaction film" may be a film, to 
which an antigen (or an antibody) capable of undergo- 
ing an antigen-antibody reaction has been fixed, and 
the "specific substance capable of undergoing a bond- 
ing reaction with the bonding reaction film" may be the 

35 antibody (or the antigen). 

The present invention also provides a second sur- 
face plasmon sensor, comprising: 

i) a sensor unit provided with a transparent sub- 
40 strate. which has a predetermined refractive index, 

and a metal film, which is located on one surface 
side of the transparent substrate, and 

ii) a coupler means located on the other surface 
side of the transparent substrate, which surface 

45 side is opposite to the one surface, with a refractive 
index matching liquid, which has a refractive index 
approximately equal to the predetermined refrac- 
tive index, intervening between the transparent 
substrate and the coupler means, 

so the coupler means having a light beam entry 

portion, which is formed at a portion of the coupler 
means, and a light beam radiating portion, which is 
formed at a different portion of the coupler means, 
such that the coupler means may transmit a con- 

55 verged light beam having been entered from the 
light beam entry portion, may cause the transmitted 
light beam to impinge upon an interface between 
the transparent substrate and the metal film, may 
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transmit the light beam having been totally reflected 
from the interface, and may then radiate the totally 
reflected light beam out of the light beam radiating 
portion, portions of the coupler means, which trans- 
mit the light beam, having a refractive index approx- 5 
imately equal to the predetermined refractive index, 

the surface plasmon sensor causing the light 
beam to enter from the light beam entry portion and 
detecting an ATR angle e sp from the light beam, 
which has been totally reflected from the interface w 
and has then been radiated out of the light beam 
radiating portion, 

wherein a sensor unit support means is pro- 
vided, the sensor unit support means supporting 
the sensor unit such that a distance between the 75 
transparent substrate and the coupler means may 
be kept to be equal to a predetermined value, 

wherein the space between the transparent 
substrate and the coupler means is filled with the 
refractive index matching liquid, and 20 

wherein the surface plasmon sensor further 
comprises either one or both of an incidence posi- 
tion shifting means and a sensor unit relative move- 
ment means. 

the incidence position shifting means shifting 2 s 
the incidence position of the light beam at the light 
beam entry portion such that the converged light 
beam may successively impinge upon different por- 
tions of the interface, which are taken along a pre- 
determined direction, and under the same 30 
incidence conditions, 

the sensor unit relative movement means 
moving the sensor unit with respect to the coupler 
means and along a predetermined direction such 
that the distance between the transparent substrate 35 
and the coupler means may be kept to be equal to 
the predetermined value. 

The second surface plasmon sensor in accordance 
with the present invention should preferably comprise 40 
both of the incidence position shifting means and the 
sensor unit relative movement means, and 

the predetermined direction, along which the dif- 
ferent portions of the interface are taken in the shifting 
operation carried out by the incidence position shifting as 
means, and the predetermined direction, along which 
the sensor unit is moved with respect to the coupler 
means by the sensor unit relative movement means, 
should preferably intersect with each other 

In the second surface plasmon sensor in accord- so 
ance with the present invention, the incidence position 
shifting means may be means, such as a telecentric 
scanning optical system, in which the converged light 
beam is deflected by a light-source optical means pro- 
vided with a galvanometer mirror, or the like, and the ss 
incidence position is thereby shifted. Alternatively, the 
incidence position shifting means may be means, in 
which a light-source optical means is moved mechani- 
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cally, and the incidence position is thereby shifted. 

Also, the sensor unit relative movement means for 
moving the sensor unit with respect to the coupler 
means may be a movement means, which moves the 
sensor unit itself. Alternatively, the sensor unit relative 
movement means for moving the sensor unit with 
respect to the coupler means may be a movement 
means, which moves the coupler means while the sen- 
sor unit is kept stationary. 

In the second surface plasmon sensor in accord- 
ance with the present invention, by way of example, the 
sensor unit support means may be secured to a portion 
of the coupler means. 

Alternatively, the second surface plasmon sensor in 
accordance with the present invention may be consti- 
tuted such that a light-source optical means for produc- 
ing the light beam and causing the light beam to enter 
into the light beam entry portion, a detection means for 
detecting an ATR angle e sp from the converged light 
beam having been radiated out of the light beam radiat- 
ing portion, and the coupler means may be located on a 
base, 

the sensor unit support means may be located 
on the base and secured thereto. 

the sensor unit may be supported by the sensor 
unit support means such that the sensor unit can be 
moved with respect to the coupler means, and 

the sensor unit relative movement means may 
move the sensor unit. 

As another alternative, the second surface plasmon 
sensor in accordance with the present invention may be 
constituted such that the sensor unit support means 
may be located on a base and secured thereto, 

the sensor unit may be fixedly supported by the 
sensor unit support means, 

an optical system unit may be located on the 
base such that the optical system unit can be moved 
with respect to the sensor unit, the optical system unit 
comprising a light-source optical means for producing 
the light beam and causing the light beam to enter into 
the light beam entry portion, a detection means for 
detecting an ATR angle 0 sp from the light beam having 
been radiated out of the light beam radiating portion, 
and the coupler means, and 

the sensor unit relative movement means may 
move the optical system unit. 

As a further alternative, the second surface plas- 
mon sensor in accordance with the present invention 
may be constituted such that the sensor unit support 
means may be located on a base and secured thereto, 

the sensor unit may be supported by the sensor 
unit support means such that the sensor unit can be 
moved with respect to the coupler means. 

the sensor unit relative movement means may 
move the sensor unft. 

an optical system unit may be located on the 
base, the optical system unit comprising an optical 
means for a light source, which optical means causes 
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the light beam to enter Into the light beam entry portion, 
an optical means for a detection means, which optical 
means guides the light beam to the detection means for 
detecting an ATR angle e sp from the light beam having 
been radiated out of the light beam radiating portion, 
and the coupler means, and 

the light source for producing the light beam and 
the detection means may be releasably located on the 
base and at positions independent of the optical system 
unit. 

As a still further alternative, the second surface 
plasmon sensor in accordance with the present inven- 
tion may be constituted such that the sensor unit sup- 
port means may be located on a base and secured 
thereto, 

the sensor unit may be fixedly supported by the 
sensor unit support means, 

an optical system unit may be located on the 
base such that the optical system unit can be moved 
with respect to the sensor unit, the optical system unit 
comprising an optical means for a light source, which 
optical means causes the light beam to enter into the 
light beam entry portion, an optical means for a detec- 
tion means, which optical means guides the light beam 
to the detection means for detecting an ATR angle e sp 
from the light beam having been radiated out of the light 
beam radiating portion, and the coupler means, 

the sensor unit relative movement means may 
move the optical system unit, and 

the light source for producing the light beam and 
the detection means may be releasably located on the 
base and at positions independent of the optical system 
unit. 

As another alternative, the second surface plasmon 
sensor in accordance with the present invention may be 
constituted such that the sensor unit support means 
may be located on a base and secured thereto, 

the sensor unit may be supported by the sensor 
unit support means such that the sensor unit can be 
moved with respect to the coupler means, 

the sensor unit relative movement means may 
move the sensor unit, 

an optical system unit may be located on the 
base, the optical system unit comprising an optical 
means for a light source, which optical means causes 
the light beam to enter into the light beam entry portion, 
a detection means for detecting an ATR angle e sp from 
the light beam having been radiated out ol the light 
beam radiating portion, and the coupler means, and 

the light source for producing the light beam may 
be independently located at the exterior of the base. 

As a further alternative, the second surface plas- 
mon sensor in accordance with the present invention 
may be constituted such that the sensor unit support 
means may be located on a base and secured thereto, 

the sensor unit may be fixedly supported by the 
sensor unit support means, 

an optical system unit may be located on the 



base such that the optical system unit can be moved 
with respect to the sensor unit, the optical system unit 
comprising an optical means for a light source, which 
optical means causes the light beam to enter into the 

5 light beam entry portion, a detection means for detect- 
ing an ATR angle 0 sp from the light beam having been 
radiated out of the light beam radiating portion, and the 
coupler means, 

the sensor unit relative movement means may 

10 move the optical system unit, and 

the light source for producing the light beam may 
be independently located at the exterior of the base. 

In the two last-described alternatives, the second 
surface plasmon sensor may be provided with an optical 

is fiber for guiding the light beam, which has been pro- 
duced by the light source, to the optical means for the 
light source. The optical fiber should preferably be of the 
polarization plane keeping type. 

Further, in the second surface plasmon sensor in 

20 accordance with the present invention, in order for the 
aforesaid space to be filled with the refractive index 
matching liquid, the constitution described below may 
be employed. Specifically, the second surface plasmon 
sensor in accordance with the present invention may 

25 further comprise a matching liquid supply means, which 
supplies the refractive index matching liquid into the 
space, and 

a vacant member, which communicates with the 
space and allows the refractive index matching liquid to 
30 be introduced up to a position higher than the other sur- 
face of the transparent substrate, 

the refractive index matching liquid being filled in 
the space by the matching liquid supply means. 

Alternatively, a liquid reservoir for storing the refrac- 
35 tive index matching liquid therein may be formed on the 
side of the coupler means, which side stands facing the 
transparent substrate, 

the transparent substrate may be provided with a 
waterproof wall, which surrounds the metal film, and 
40 the sensor unit may be supported in the liquid 

reservoir such that the other surface of the transparent 
substrate may be immersed in the refractive index 
matching liquid. 

In this condition, the aforesaid space may be filled with 
45 the refractive index matching liquid. 

In the second surface plasmon sensor in accord- 
ance with the present invention, the light beam entry 
portion and the light beam radiating portion of the cou- 
pler means may be formed in the manner described 
so below. Specifically, the coupler means may be provided 
with a prism, and 

the light beam entry portion and the light beam 
radiating portion may be formed in the prism. 

Alternatively, each of the light beam entry portion 
55 and the light beam radiating portion of the coupler 
means may be constituted of a diffraction grating. 

As another alternative, the coupler means may be 
provided with a convex portion on the side of the coupler 
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means, which side is opposite to the side facing the 
transparent substrate, 

each of one lateral face of the convex portion and 
the other lateral face thereof, which is opposite to the 
one lateral face, may be constituted of a transparent 
plate, the region inside of the convex portion being filled 
with the refractive index matching liquid, and 

the one lateral face and the other lateral face of 
the convex portion may respectively serve as the light 
beam entry portion and the light beam radiating portion. 

The second surface plasmon sensor in accordance 
with the present invention may be modified such that the 
transparent substrate of the sensor unit may be consti- 
tuted of a supporting transparent substrate and a main 
transparent substrate, which is located on the support- 
ing transparent substrate, 

the metal film may be located on the main trans- 
parent substrate, and 

the supporting transparent substrate may be 
located such that it may stand facing the coupler means 
with the refractive index matching liquid intervening 
therebetween. 

Alternatively, the transparent substrate of the sensor 
unit may be constituted of a supporting transparent sub- 
strate and a plurality of main transparent substrates, 
which are located at different positions on the support- 
ing transparent substrate, 

the metal film may be located on each of the plu- 
rality of the main transparent substrates, and 

the supporting transparent substrate may be 
located such that it may stand facing the coupler means 
with the refractive index matching liquid intervening 
therebetween. 

in such cases, the plurality of the main transparent sub- 
strates may have different substrate sizes. In cases 
where the transparent substrate of the sensor unit is 
constituted of the supporting transparent substrate and 
the main transparent substrate or the plurality of the 
main transparent substrates, the main transparent sub- 
strate and the supporting transparent substrate may be 
in close contact with each other via a refractive index 
matching liquid, which has a refractive index approxi- 
mately equal to the predetermined refractive index. 
Also, the main transparent substrate should preferably 
be easily releasable from the supporting transparent 
substrate. 

Furthermore, the second surface plasmon sensor 
in accordance with the present invention may be modi- 
fied such that a bonding reaction film may be located on 
the metal film, and the surface plasmon sensor may 
detect a specific substance, which is capable of under- 
going a bonding reaction with the bonding reaction film. 
By way of example, the "bonding reaction film" may be a 
film, to which an antigen (or an antibody) capable of 
undergoing an antigen-antibody reaction has been 
fixed, and the "specific substance capable of undergo- 
ing a bonding reaction with the bonding reaction film" 
may be the antibody (or the antigen). However, the 



bonding reaction film and the specific substance may be 
the ones capable of undergoing other chemical reac- 
tions. In cases where a plurality of main transparent 
substrates are provided, the bonding reaction films may 

5 be formed respectively on the metal films, which are 
located on the main transparent substrates. In such 
cases, the same kind of bonding reaction films, e.g. the 
bonding reaction films containing the same kind of anti- 
body (or antigen), may be formed on the metal films. 

w Alternatively, different kinds of bonding reaction films, 
e.g. the bonding reaction films containing different kinds 
of antibodies (or antigens), may be formed on the metal 
films. Also, the same kind of bonding reaction films or 
different kinds of bonding reaction films may be formed 

75 at different positions on a single metal film. In cases 
where a sensor unit provided with different kinds of 
bonding reaction films, e.g. the bonding reaction films 
containing different kinds of antibodies (or antigens), is 
employed, different phenomena occurring with a single 

20 sample at the respective bonding reaction films may be 
determined successively. 

The present invention further provides a third sur- 
face plasmon sensor, comprising: 

25 i) a sensor unit provided with a transparent sub- 
strate, which has a predetermined refractive index, 
and a metal film, which is located on one surface 
side of the transparent substrate and brought into 
contact with a sample, 

30 ii) a coupler means located on the other surface 
side of the transparent substrate, which surface 
side is opposite to the one surface, with a refractive 
index matching liquid, which has a refractive index 
approximately equal to the predetermined refrac- 

35 tive index, intervening between the transparent 
substrate and the coupler means, 

the coupler means having a light beam entry 
portion, which is formed at a portion of the coupler 
means, and a light beam radiating portion, which is 

40 formed at a different portion of the coupler means, 
such that the coupler means may transmit a con- 
verged light beam having been entered from the 
light beam entry portion, may cause the transmitted 
light beam to impinge upon an interface between 

45 the transparent substrate and the metal film, may 
transmit the light beam having been totally reflected 
from the interface, and may then radiate the totally 
reflected light beam out of the light beam radiating 
portion, portions of the coupler means, which trans- 

so mit the light beam, having a refractive index approx- 
imately equal to the predetermined refractive index, 
and 

iii) a light source for producing the light beam, 

the surface plasmon sensor collimating the 
55 light beam, which has been produced by the light 
source, causing the collimated light beam to enter 
from the light beam entry portion, and detecting an 
ATR angle e sp from the light beam, which has been 
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totally reflected from the interface and has then 
been radiated out of the light beam radiating por- 
tion, 

wherein each of the light beam entry portion 
and the light beam radiating portion is constituted of 5 
a hologram optical element. 

The third surface plasmon sensor in accordance 
with the present invention may be constituted such that 
the hologram optical element may be designed to con- 10 
verge the incident collimated light beam to a predeter- 
mined position, 

a light source moving means may be provided, 
the light source moving means moving the light source 
in a plane, which is parallel to the interface, and in a 15 
direction heading towards the predetermined position or 
in a direction heading away from the predetermined 
position, and 

the light source may be moved, whereby the light 
beam is caused to enter from different positions on the 20 
light beam entry portion and caused to impinge upon 
the interface at various different angles of incidence and 
at the predetermined position. 

Also, in the third surface plasmon sensor in accord- 
ance with the present invention, the hologram optical 25 
element may have lens functions and aberration com- 
pensating functions, and the light beam may be con- 
verged to the predetermined position by the lens 
functions and the aberration compensating functions. 
Alternatively, the hologram optical element may have 30 
cylindrical lens functions and aberration compensating 
functions, and the light beam may be converged to the 
predetermined position by the cylindrical lens functions 
and the aberration compensating functions. In the 
former case, the aforesaid predetermined position is 35 
obtained as a point-like position. In the latter case, the 
aforesaid predetermined position is obtained as a linear 
position. 

Specifically, the term "lens functions" as used 
herein means the functions for converging the incident 40 
light beam to a single point. Also, the term "cylindrical 
lens functions" as used herein means the functions hav- 
ing a refractive index in only one direction and converg- 
ing the incident light beam with respect to the only one 
direction. 

Further, the third surface plasmon sensor in 
accordance with the present invention may further com- 
prise a position regulating means for regulating the 
position of the sensor unit such that a distance between 
the transparent substrate and the coupler means may 
be kept to be equal to a predetermined value, and 

a sensor unit moving means for moving the sen- 
sor unit in a predetermined direction, and 

the space between the transparent substrate and 
the coupler means may be filled with the refractive index 
matching liquid. 

Furthermore, the third surface plasmon sensor in 
accordance with the present invention may further com- 



prise an incidence position shifting means for shifting 
the incidence position of the light beam at the light beam 
entry portion such that the light beam may successively 
impinge upon different portions of the interface, which 
are taken along the same direction as an axial direction 
of the cylindrical lens functions. 

The term "axial direction of cylindrical lens func- 
tions" as used herein means the direction of an axis that 
is normal to the plane, in which the cylindrical lens func- 
tions have the refracting power. The different portions of 
the interface, which are taken along the same direction 
as the axial direction of the cylindrical lens functions, 
are not limited to the portions along the axial direction, 
and it is sufficient for the portions to have a change in 
position along the axial direction. 

In cases where the third surface plasmon sensor in 
accordance with the present invention is provided with 
both of the sensor unit moving means and the incidence 
position shifting means, the predetermined direction, 
along which the sensor unit is moved, and the axial 
direction of the cylindrical lens functions should prefera- 
bly intersect with each other. 

In the third surface plasmon sensor in accordance 
with the present invention, the incidence position shift- 
ing means may be constituted such that the light beam 
may be deflected by an optical system provided with a 
galvanometer mirror, or the like, and the incidence posi- 
tion may thereby be shifted. Alternatively, the incidence 
position shifting means may be constituted such that the 
light source itself may be moved mechanically, and the 
incidence position may thereby be shifted. 

The first surface plasmon sensor in accordance 
with the present invention is provided with the sensor 
unit support means for supporting the sensor unit, 
which is provided with the transparent substrate and the 
metal film located on one surface side of the transparent 
substrate and brought into contact with a sample, such 
that the distance between the transparent substrate and 
the coupler means may be kept to be equal to the pre- 
determined value. Also, the space between the trans- 
parent substrate and the coupler means is filled with the 
refractive index matching liquid. Therefore, with the first 
surface plasmon sensor in accordance with the present 
invention, the exchange of the sensor unit can be car- 
ried out more easily and the distance between the sen- 
sor unit and the coupler means can be more easily kept 
to be equal to the predetermined value than with the 
conventional surface plasmon sensor, in which a refrac- 
tive index matching liquid is coated on the joint area 
between a sensor unit and a coupler, and in which the 
sensor unit and the coupler are thereby brought into 
close contact with each other. 

With the second surface plasmon sensor in accord- 
ance with the present invention, the sensor unit, which 
is provided with the transparent substrate and the metal 
film located on one surface side of the transparent sub- 
strate and brought into contact with a sample, is sup- 
ported by the sensor unit support means, such that the 
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distance between the transparent substrate and the 
coupler means may be kept to be equal to a predeter- 
mined value. Also, the space between the transparent 
substrate and the coupler means is filled with the refrac- 
tive index matching liquid. Further, the second surface 5 
plasmon sensor in accordance with the present inven- 
tion is provided with either one or both of the incidence 
position shifting means and the sensor unit relative 
movement means. The incidence position shifting 
means shifts the incidence position of the light beam at 10 
the light beam entry portion such that the light beam 
may successively impinge upon different portions of the 
interface, which are taken along a predetermined direc- 
tion. The sensor unit relative movement means moves 
the sensor unit with respect to the coupler means and 
along a predetermined direction such that the aforesaid 
distance may be kept to be equal to the predetermined 
value. Therefore, with the second surface plasmon sen- 
sor in accordance with the present invention, one- or 
two-dimensional scanning can be carried out. 

In particular, with the second surface plasmon sen- 
sor in accordance with the present invention, wherein 
the space between the transparent substrate and the 
coupler means is constituted of the layer of the refrac- 
tive index matching liquid, the movement of the sensor 
unit with respect to the coupler means can be carried 
out easily. 

Also, the second surface plasmon sensor in accord- 
ance with the present invention may comprise both of 
the incidence position shifting means and the sensor 
unit relative movement means, and the predetermined 
direction, along which the different portions of the inter- 
face are taken in the shifting operation carried out by the 
incidence position shifting means, and the predeter- 
mined direction, along which the sensor unit is moved 
with respect to the coupler means by the sensor unit rel- 
ative movement means, may intersect with each other. 
In such cases, two-dimensional scanning can be carried 
out over a wide area. 

With the second surface plasmon sensor in accord- 
ance with the present invention, wherein a two-dimen- 
sional analysis can be carried out, two-dimensional 
information representing physical properties of a sam- 
ple can be obtained, and analyses of a plurality of sam- 
ples can be carried out efficiently. 

With the third surface plasmon sensor in accord- 
ance with the present invention, wherein the hologram 
optical element is employed for the coupling of the light 
beam with the sensor section, multiple reflection inter- 
ference, which will occur when a prism is employed, can 
be prevented from occurring. Also, the surface plasmon 
sensor can be kept smaller in size and adjustments of 
an optical axis can be carried out more easily than when 
a prism is employed. 

The third surface plasmon sensor in accordance 
with the present invention may be constituted such that 
the hologram optical element may be designed to con- 
verge the incident collimated light beam to a predeter- 



mined position, and the light source moving means may 
be provided, the light source moving means moving the 
light source in a plane, which is parallel to the interface, 
and in a direction heading towards the predetermined 
position or in a direction heading away from the prede- 
termined position. In such cases, various different 
angles of incidence upon the interface can be obtained 
at a predetermined position. 

Also, with the third surface plasmon sensor in 
accordance with the present invention, wherein the 
hologram optical element has the lens functions and the 
aberration compensating functions or has the cylindrical 
lens functions and the aberration compensating func- 
tions, the light beam can be converged to the predeter- 
mined position such that no aberration may occur on the 
interface. 

Further, with the third surface plasmon sensor in 
accordance with the present invention, which is pro- 
vided either one or both of the sensor unit moving 
means and the incidence position shifting means, an 
analysis of a sample, which extends in a one-dimen- 
sional direction or in two-dimensional directions, and 
analyses of a plurality of samples, which are arrayed in 
a one-dimensional direction or in two-dimensional direc- 
tions, can be carried out efficiently. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side view showing a first embodiment 
of the surface plasmon sensor in accordance with 
the present invention, 

Figure 2 is a graph showing approximate relation- 
ship between an angle of incidence of a light beam 
upon a reflection interface and an intensity of a 
reflected light, which is detected by a photo detect- 
ing means, in a surface plasmon sensor, 
Figure 3 is a side view showing a second embodi- 
ment of the surface plasmon sensor in accordance 
with the present invention, 

Figure 4 is a side view showing a third embodiment 
of the surface plasmon sensor in accordance with 
the present invention, 

Figure 5 is a side view showing a fourth embodi- 
ment of the surface plasmon sensor in accordance 
with the present invention, 

Figure 6 is a side view showing a fifth embodiment 
of the surface plasmon sensor in accordance with 
the present invention, 

Figure 7 is a side view showing a sixth embodiment 
of the surface plasmon sensor in accordance with 
the present invention, 

Figure 8 is a side view showing a seventh embodi- 
ment of the surface plasmon sensor in accordance 
with the present invention, 
Figure 9 is a view taken from a direction indicated 
by the arrow A in Figure 8, 
Figure 10 is a view taken from a direction indicated 
by the arrow B in Figure 8, 
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Figure 11A is a perspective view showing a multi- 
channel type of sensor, 

Figure 11B is a sectional view showing the multi- 
channel type of sensor shown in Figure 1 1 A, 
Figure 12 is a perspective view showing a sensor s 
film, which is divided into a plurality of regions, 
Figure 13 is a side view showing an eighth embod- 
iment of the surface plasmon sensor in accordance 
with the present invention, 

Figure 1 4 is a view taken from a direction indicated 1 o 
by the arrow A in Figure 1 3, 
Figure 15 is a view taken from a direction indicated 
by the arrow B in Figure 13, 
Figure 16 is a side view showing a ninth embodi- 
ment of the surface plasmon sensor in accordance 15 
with the present invention, 

Figure 17 is a side view showing a tenth embodi- 
ment of the surface plasmon sensor in accordance 
with the present invention, 

Figure 18 is a side view showing an eleventh 20 
embodiment of the surface plasmon sensor in 
accordance with the present invention, 
Figure 19 is a view taken from a direction indicated 
by the arrow A in Figure 18, 

Figure 20 is a view taken from a direction indicated 25 
by the arrow B in Figure 18. 
Figure 21 is a side view showing a surface plasmon 
sensor provided with a plurality of sensor sections, 
Figure 22 is a side view showing a surface plasmon 
sensor provided with a plurality of sensor sections 30 
haying different bonding reaction films, 
Figure 23 is a side view showing a twelfth embodi- 
ment of the surface plasmon sensor in accordance 
with the present invention, 

Figure 24 is a side view showing a thirteenth 35 
embodiment of the surface plasmon sensor in 
accordance with the present invention, 
Figure 25 is a view taken from a direction indicated 
by the arrow A in Figure 24, 

Figure 26 is a side view showing a fourteenth 40 
embodiment of the surface plasmon sensor in 
accordance with the present invention, 
Figure 27 is an explanatory view showing how a 
light beam is converged by a hologram optical ele- 
ment, 45 
Figure 28 is a side view showing a fifteenth embod- 
iment of the surface plasmon sensor in accordance 
with the present invention, 

Figure 29 is a view taken from a direction indicated 
by the arrow A in Figure 28, and so 
Figure 30 is a view taken from a direction indicated 
by the arrow B in Figure 28. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The present invention will hereinbelow be 
described in further detail with reference to the accom- 



panying drawings. 

Figure 1 is a side view showing a first embodiment 
of the surface plasmon sensor in accordance with the 
present invention. 

As illustrated in Figure 1 , basically, the surface plas- 
mon sensor comprises a sensor unit 1 provided with a 
metal film, which is brought into contact with a sample S 
to be analyzed and may be constituted of gold, silver, or 
the like. The surface plasmon sensor also comprises a 
sensor unit support means 15 for supporting the sensor 
unit 1 . The surface plasmon sensor further comprises a 
coupler means 10, which is located with respect to the 
sensor unit 1. A refractive index matching liquid (herein- 
below referred to simply as the matching liquid) 5 inter- 
venes between the sensor unit 1 and the coupler means 
10. The surface plasmon sensor still further comprises 
a light-source optical means 20 for producing a light 
beam and causing the light beam to enter into the cou- 
pler means 10, and a photo detecting means 30 for 
detecting the ATR angle e sp from the light beam having 
been radiated out of the coupler means 10. 

The first embodiment of the surface plasmon sen- 
sor in accordance with the present invention will herein- 
below be described in more detail. 

The sensor unit 1 comprises a transparent sub- 
strate (a sensor substrate) 2. which may be constituted 
of glass, or the like, and a metal film 3. which is formed 
on the transparent substrate 2 and may be constituted 
of gold, silver, or the like. When the metal film 3, which 
may be constituted of gold, or the like, is formed on the 
transparent substrate 2. a chromium layer having a 
thickness of approximately 1nm is f irstly overlaid on the 
transparent substrate 2 and thereafter the metal film 3 is 
formed on the chromium layer. With such a technique, 
the formation of the metal film 3 can be carried out eas- 
ily, and peeling of the metal film 3 can be restricted. 
Also, in analyses with the surface plasmon sensor, ordi- 
narily, a bonding reaction film, to which an antigen (or 
an antibody) has been fixed, is formed on the metal film 
3, and an antigen-antibody reaction responding selec- 
tively to a specific substance is utilized. In this manner, 
the amount of an antibody (or an antigen), which is spe- 
cifically adsorbed by the bonding reaction film, is deter- 
mined from a change in angle of incidence of the light 
beam. 

The coupler means 1 0 comprises a cell 12, which is 
constituted of glass and has a recess 1 1 on the side fac- 
ing the sensor unit 1, and a prism 13, which is formed 
on the other side of the cell 12. The sensor unit support 
means (hereinbelow referred to as the sensor unit 
attachment) 15 for supporting the sensor unit 1 is 
located at a portion of the coupler means 10. The sen- 
sor unit attachment 15 supports the sensor unit 1 such 
that the distance between the transparent substrate 2 
and the cell 12 may be equal to a predetermined value. 
The space between the transparent substrate 2 and the 
coupler means 10 is filled with the matching liquid 5. 
The transparent substrate 2, the coupler means 10, and 
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the matching liquid 5 have refractive indexes approxi- 
mately equal to one another. 

The light-source optical means 20 comprises a light 
source 21 , which produces a light beam L and may be 
constituted of a semiconductor laser, or the like. The 5 
light-source optical means 20 also comprises a collima- 
tor lens 22 and a converging lens 23, which receive the 
light beam L and cause it to enter into the prism 13 from 
its one surface. The light beam L, which has been pro- 
duced by the light source 21 , is converted by a polarizer 10 
(not shown) into P-polarized light and is then caused to 
enter into the prism 13. The converged light beam L 
contains components, which impinge at various differ- 
ent angles of incidence 6 upon an interface 4 between 
the transparent substrate 2 and the metal film 3. The is 
angles of incidence 6 are set to be not smaller than the 
total reflection critical angle, such that the light beam L 
may be totaiiy reflected from the interface 4. 

Alternatively, the light-source optical means may be 
constituted of a light source for producing a single light 20 
beam having a small beam diameter, and a goniometer 
for rotating the light source. The light source may be 
rotated by the goniometer, and the angle of incidence 9 
of the light beam may thereby be set to be various differ- 
ent angles. As another alternative, instead of the goni- 
ometer being used, the light beam may be deflected by 
a galvanometer mirror, and various different angles of 
incidence may thereby be obtained. (Such a technique 
is proposed in Japanese Unexamined Patent Publn. No. 
9(1997)-292335.) 

In accordance with a change in angle of incidence, 
the angle of reflection of the light beam L, which is 
reflected from the interface 4, changes. Therefore, as 
the photo detecting means 30, means having light 
receiving elements arrayed in the direction along which 
the angle of reflection changes, such as a CCD line sen- 
sor, may be employed. Alternatively, a photodiode, a 
two-part photodiode proposed in U.S. Serial No. 
08/840,648, a photodiode array, or the like, may be 
employed. 

How a sample analysis is carried out in the surface 
plasmon sensor having the constitution described 
above will be described hereinbelow. The sample S to 
be analyzed is located such that it may be in contact 
with the metal film 3. The light beam L, which has been 
produced and converted into the P-polarized light by the 
light-source optical means 20, enters into the prism 13 
from its one surface. The light beam L passes through 
the prism 13 and impinges upon the interface 4. As 
described above, the light beam L, which has been con- 
verged and irradiated, impinges at various angles of 
incidence 0 upon the interface 4 between the metal film 
3 and the transparent substrate 2. The light beam L is 
then totally reflected from the interface 4, again passes 
through the prism 13, and is then radiated out of the 
other surface of the prism 13. The intensity of the light 
beam L, which has thus been radiated out of the prism 
13, is detected by the photo detecting means 30. 



A photo detection signal, which is detected by each 
of the light receiving elements of the photo detecting 
means 30, represents the intensity I of the totally 
reflected light beam L with respect to each of the angles 
of incidence 0 upon the interface 4. Figure 2 approxi- 
mately shows the relationship between the intensity I of 
the reflected light beam and the angles of incidence 0. 

The light impinging at a specific angle of incidence 
(i.e., the ATR angle) 9 sp upon the interface 4 excites sur- 
face plasmon at an interface between the metal film 3 
and the sample S. As for the light impinging at the spe- 
cific angle of incidence e sp upon the interface 4, the 
intensity I of the reflected light becomes markedly low. 
From the photo detection signal detected by each of the 
light receiving elements of the photo detecting means 
30, the ATR angle 6 sp can be determined. As described 
above in detail, the specific substance contained in the 
sample S can be analyzed quantitatively in accordance 
with the value of the ATR angle 9 sp . 

A second embodiment of the surface plasmon sen- 
sor in accordance with the present invention will be 
described hereinbelow with reference to Figure 3. In the 
second embodiment (and third to sixth embodiments 
described later), as for the same constitutions and the 
same operating sections as those in the aforesaid first 
embodiment, detailed explanation will be omitted. 

In the second embodiment, pipes 41 and 42, which 
allow the matching liquid 5 to flow into and out of the 
space between the sensor unit 1 and the coupler means 
10, are located such that one end of each pipe may be 
inserted through the wall of the cell 1 2. The pipe 41 has 
an opening at the other end, which is located at a posi- 
tion higher than the bottom surface of the transparent 
substrate 2 with respect to the vertical direction. The 
pipe 41 thereby forms a vacant member, which allows 
the matching liquid 5 to be introduced up to a position 
higher than the bottom surface of the transparent sub- 
strate 2. The other end of the pipe 42 is inserted into a 
matching liquid tank 43, which stores the matching liq- 
uid 5. A pump 44 is located at an intermediate position 
between the two ends of the pipe 42. The pipe 42, the 
matching liquid tank 43, and the pump 44 together con- 
stitute the matching liquid supply means. 

In the second embodiment of the surface plasmon 
sensor in accordance with the present invention, the 
sensor unit 1 is supported by the sensor unit attachment 
15, and thereafter the pump 44 is operated to supply the 
matching liquid 5 from the matching liquid tank 43, 
through the pipe 42, and into the space between the 
transparent substrate 2 and the coupler means 10. The 
matching liquid 5 is supplied until the level of the match- 
ing liquid 5, which has entered into the pipe 41, 
becomes higher than the bottom surface of the trans- 
parent substrate 2. In this mann r. the space between 
the transparent substrate 2 and the coupler means 10 
can be completely filled with the matching liquid 5. 

A third embodiment of the surface plasmon sensor 
in accordance with the present invention will be 
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described hereinbelow with reference to Figure 4. In the 
third embodiment, the sensor unit 1 comprises the 
transparent substrate 2 and the metal film 3 formed on 
the transparent substrate 2, and a waterproof wall 6 is 
formed so as to surround the metal film 3. 

Also, a sensor unit attachment 15' is associated 
with the coupler means 10. The sensor unit attachment 
15' supports a portion of the waterproof wall 6 and 
thereby supports the sensor unit 1 , such that the trans- 
parent substrate 2 of the sensor unit 1 may be 
immersed in the matching liquid 5. The sensor unit 
attachment 1 5' thus determines the position of the sen- 
sor unit 1 with respect to the position of the coupler 
means 10. 

In the first, second, and third embodiments 
described above, the coupler means 10 is provided with 
the prism 1 3. However, in the surface plasmon sensor in 
accordance with the present inveniion, the coupier 
means need not necessarily be provided with the prism. 
For example, as in a fourth embodiment shown in Fig- 
ure 5, diffraction gratings 50 and 51 may be formed on 
the cell 12, and the light beam L may be entered from 
the diffraction grating 50 and radiated out of the diffrac- 
tion grating 51. In such cases, the light beam L is dif- 
fracted by the diffraction grating 50 for the entry of the 
light beam and is caused to impinge upon the interface 
4 at an angle of incidence 6. The light beam L is then 
totally reflected from the interface 4, diffracted by the dif- 
fraction grating 51 for radiation of the light beam, and 
radiated out of the coupler means 10. The intensity of 
the light beam L, which has thus been radiated out of 
the coupler means 10, is detected by the photo detect- 
ing means 30. 

Alternatively, as in a fifth embodiment shown in Fig- 
ure 6. a portion 53, which is convex downwardly, may be 
formed at the bottom surface of the cell 12, and the 
matching liquid 5 may be filled in the region inside of the 
convex portion 53. The lateral faces of the convex por- 
tion 53 may be constituted of glass windows 54 and 55, 
and the light beam L may be entered from the glass win- 
dow 54 and radiated out of the glass window 55. The 
glass windows 54 and 55 are constituted of a material 
having a refractive index approximately equal to the 
refractive indexes of the transparent substrate 2 and the 
matching liquid 5. In such cases, portions of the cell 12 
other than the glass windows 54 and 55 need not be 
permeable to light. 

A sixth embodiment of the surface plasmon sensor 
in accordance with the present invention will be 
described hereinbelow with reference to Figure 7. In this 
embodiment, the sensor unit 1 comprises a sensor sec- 
tion 104 and a sensor section holding member 105 for 
holding the sensor section 104. The sensor section 104 
is constituted of a main transparent substrate 102 and a 
metal film 103 located on the main transparent sub- 
strate 102. The bottom surface of the sensor section 
holding member 105 is constituted of a supporting 
transparent substrate 106, which has a refractive index 



approximately equal to the refractive index of the main 
transparent substrate 102 of the sensor section 104. An 
analysis is carried out while the main transparent sub- 
strate 102 of the sensor section 104 is being in close 

5 contact with the supporting transparent substrate 106 
via the matching liquid. As in the embodiments 
described above, the bonding reaction film is formed on 
the metal film 103. At the time of sensor exchange, the 
sensor unit 1 may be exchanged with a new one. Alter- 

70 natively, only the sensor section 1 04 may be exchanged 
with a new one. Since the sensor section 104 has the 
simple constitution, its cost can be kept low, and it can 
be exchanged easily. Also, as the sensor section 104, 
one of sensor sections having different sizes or different 

is forms can be used. 

In the sixth embodiment of Figure 7, as in the fifth 
embodiment of Figure 6, the coupler means 10 is con- 
stituted such that a portion 113, which is convex down- 
wardly, may be formed at a portion of a cell 1 1 2, and the 

20 lateral faces of the convex portion 113 may be consti- 
tuted of glass windows 1 1 4 and 115. The light beam L is 
entered from the glass window 114 and radiated out of 
the glass window 115. At the time of an analysis, the 
matching liquid 5 is filled in the recess, which is sur- 

25 rounded by the cell 112 and an optical system case 
housing 141 described later, such that the bottom sur- 
face of the sensor section holding member 105 may be 
immersed in the matching liquid 5. 

The light-source optical means 20, which produces 

30 the light beam L and causes it to enter into the coupler 
means 10, comprises a light source device 123, which 
is provided with a light source 121 , such as a semicon- 
ductor laser, and a collimator lens 122. The light-source 
optical means 20 also comprises a mirror 64 for ref lect- 

35 ing the light beam L having been radiated out of the light 
source device 123, and a converging lens 65. The light 
beam L, which has been radiated out of the light source 
device 123, is converted by a polarizer (not shown) into 
P-polarized light and is then caused to enter into the 

40 coupler means 10. The converged light beam L con- 
tains components, which impinge at various different 
angles of incidence e upon an interface 107 between 
the main transparent substrate 102 and the metal film 
103. The angles of incidence 8 are set to be not smaller 

45 than the total reflection critical angle, such that the light 
beam L may be totally reflected from the interface 107. 

The photo detecting means 30 detects the light 
beam, which has been reflected from the interface 107 
and has then been radiated out of the glass window 1 15 

so of the coupler means 10. A converging lens 66 is 
located on the side of the photo detecting means 30, 
such that the light beam may be reliably detected by the 
photo detecting means 30. 

In the sixth embodiment of Figure 7, the coupler 

55 means 10, the light-source optical means 20, and the 
photo detecting means 30 are located on a base 140. 
On the base 140, the optical system case housing 141 
is formed such that it may surround the light-source 
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optical means 20. and the like. The coupler means 10 is 
secured to the optical system case housing 141. Also, 
the converging lens 65 on the side of the light-source 
optical means 20 and the converging lens 66 on the 
side of the photo detecting means 30 are hung from and 
supported by the lower surface of the coupler means 
10. 

A case housing 142 is formed on the base 140 such 
that the case housing 142 may surround the optical sys- 
tem case housing 141 . A sensor unit attachment 143 for 
supporting the sensor unit 1 is secured to the top sur- 
face of the case housing 142. The sensor unit 1 is 
secured to the sensor unit attachment 143, which is 
secured to the case housing 142. The sensor unit 1 is 
thus supported such that the distance between the sen- 
sor unit 1 and the coupler means 10 may be kept to be 
equal to the predetermined value. 

In the embodiments described above, the ATR 
angle 8 sp is obtained from the intensity of the reflected 
light with respect to various different angles of inci- 
dence. Alternatively, the ATR angle 6 8p may be obtained 
by utilizing the characteristics such that the intensity of 
the reflected light with respect to a certain angle of inci- 
dence changes in accordance with the value of the ATR 
angle fl 3p . For example, the angle of incidence of the 
light beam may be set at a predetermined angle smaller 
than the ATR angle e sp , and the ATR angle 6 sp may be 
obtained in accordance with the intensity of the 
reflected light, which is obtained at this time. 

Seventh to thirteenth embodiments of the surface 
plasmon sensor in accordance with the present inven- 
tion will be described herernbelow. 

Figure 8 is a side view showing a seventh embodi- 
ment of the surface plasmon sensor in accordance with 
the present invention. Figure 9 is a view taken from a 
direction indicated by the arrow A in Figure 8. Figure 10 
is a view taken from a direction indicated by the arrow B 
in Figure 8. Figure 10 is a fragmentally sectional view. 

As illustrated in Figure 8. basically, the surface plas- 
mon sensor comprises the sensor unit 1 provided with 
the metal film, which is brought into contact with the 
sample S to be analyzed and may be constituted of 
gold, silver, or the like. The surface plasmon sensor also 
comprises the sensor unit support means 15 for sup- 
porting the sensor unit 1. The surface plasmon sensor 
further comprises the coupler means 10, which is 
located with respect to the sensor unit 1 . The matching 
liquid 5 intervenes between the sensor unit 1 and the 
coupler means 10. The surface ptasmon sensor still fur- 
ther comprises a light-source optical means 220 for pro- 
ducing a light beam and causing the light beam to enter 
into the coupler means 10. and the photo detecting 
means 30 for detecting the ATR angle B sp from the light 
beam having been radiated out of the coupler means 
10. 

The seventh embodiment of the surface plasmon 
sensor in accordance with the present invention will 
hereinbelow be described in more detail. 



The sensor unit 1 comprises the transparent sub- 
strate (the sensor substrate) 2, which has uniform thick- 
ness and may be constituted of glass, or the like, and 
the metal film 3, which is formed on the transparent sub- 

5 strate 2 and may be constituted of gold, silver, or the 
like. The waterproof wall 6 is formed such that it may 
surround the metal film 3. In this embodiment, the com- 
bination of the metal film 3 and the bonding reaction 
film, which is formed on the metal film 3, is referred to as 

10 the sensor film. The surface plasmon sensor provided 
with the sensor unit 1 having the constitution described 
above has the advantages described below over the 
conventional surface plasmon sensor, in which a match- 
ing liquid is coated on the joint area between a substrate 

15 of a sensor unit and a coupler means, and in which the 
substrate and the coupler means are thereby directly 
brought into close contact with each other. Specifically, 
at the time of sensor exchange, or the like, the distance 
between the sensor unit 1 and the coupler means 10 

20 can be easily kept to be equal to the predetermined 
value, and fine adjustments of the thickness of the 
matching liquid coat, and the like, need not be carried 
out. Therefore, the sensor exchange can be carried out 
easily. Also, the sensor exchange can be carried out 

25 automatically 

The coupler means 10 comprises the cell 12. which 
is constituted of glass and has the recess 1 1 on the side 
facing the sensor unit 1 , and the prism 13, which has a 
triangular prism shape and is formed on the other side r 

30 of the cell 12. The sensor unit support means (the sen- 
sor unit attachment) 15 for supporting the sensor unit 1 
is located at a portion of the coupler means 10. The 
sensor unit attachment 15 supports the sensor unit 1 
such that the distance between the transparent sub- 

35 strate 2 and the cell 12 may be equal to the predeter- 
mined value. Specifically, in this embodiment, the 
sensor unit attachment 15 supports a portion of the 
waterproof wall 6 and thereby supports the sensor unit 
1, such that the transparent substrate 2 of the sensor 

40 unit 1 may be immersed in the matching liquid 5. The 
sensor unit attachment 15 thus determines the position 
of the sensor unit 1 with respect to the position of the 
coupler means 10. The space between the transparent 
substrate 2 and the coupler means 10 is filled with the 

45 matching liquid 5. The transparent substrate 2, the cou- 
pler means 10, and the matching liquid 5 have refractive 
indexes approximately equal to one another. 

As illustrated in Figure 9. the coupler means 10 has 
a structure extending in one direction, and the sensor 

so unit attachment 15 is formed along the recess 11. The 
sensor unit attachment 15 is provided with a conveying 
rail (not shown), and the sensor unit 1 can be moved 
along the conveying rail. A conveying shaft 76 is 
secured to the sensor unit 1 . Also, the conveying shaft 

55 76 is grasped between rollers 77. 77 and moved by the 
rotation of the rollers 77, 77. In accordance with the 
rotation of the rollers 77, 77, the conveying shaft 76 is 
moved, and the sensor unit 1 is moved by the conveying 
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shaft 76 in the directions indicated by the double 
headed arrow X. Specifically, in the seventh embodi- 
ment, the sensor unit relative movement means is con- 
stituted by the conveying rail of the sensor unit 
attachment 15, the conveying shaft 76, and the rollers 
77, 77. 

The light-source optical means 220 comprises a 
light source 221, which produces a light beam L and 
may be constituted of a semiconductor laser, or the like. 
The light-source optical means 220 also comprises a 
cylindrical lens 222 and a telecentric scanner 223, 
which is a light deflecting means utilizing a telecentric 
optical system. The telecentric scanner 223 comprises 
a galvanometer mirror 224, which is located at the posi- 
tion corresponding to the focal length of the cylindrical 
lens 222, and two cylindrical lenses 225 and 226. The 
light beam L, which has been produced by the light 
source 22i , is focalized on the galvanometer mirror 224 
by the cylindrical lens 222. The light beam L is then 
reflected from the galvanometer mirror 224 and 
impinges upon the cylindrical lens 225 of the telecentric 
scanner 223. The light beam L is collimated by the cylin- 
drical lens 225 and caused by the cylindrical lens 226 to 
enter into the prism 13. At this time, by the cylindrical 
lens 226. the light beam L is converged in the plane, 
which is normal to the major axis of the prism 13, and on 
the interface 4 between the metal film 3 and the trans- 
parent substrate 2. In accordance with the swinging 
operation of the galvanometer mirror 224, the position 
of incidence of the light beam L upon the prism 13 is 
shifted in parallel along the directions indicated by the 
double headed arrow Y The light beam L, which has 
been produced by the light source 221, is caused to 
enter into the prism 13 as P-polarized light. The con- 
verged light beam L contains components, which 
impinge at various different angles of incidence e upon 
the interlace 4 between the transparent substrate 2 and 
the metal film 3. The angles of incidence e are set to be 
not smaller than the total reflection critical angle, such 
that the light beam L may be totally reflected from the 
interface 4. 

In the seventh embodiment of Figure 8, as 
described above, the telecentric scanner 223, which is 
the light deflecting means, is employed as the means for 
shifting the incidence position of the light beam L Alter- 
natively, as the incidence position shifting means, for 
example, a light source moving means may be 
employed. Specifically, the light source may be located 
on a stage, which can be mechanically moved in the 
directions indicated by the double headed arrow Y. Also, 
the light source moving means may move the stage and 
thereby move the light source itself, such that the inci- 
dence position of the light beam may be shifted in paral- 
lel along the directions indicated by the double headed 
arrow Y 

In accordance with a change in angle of incidence 
of the light beam L upon the interface 4, the angle of 
reflection of the light beam L, which is reflected from the 



interface 4, changes. Therefore, as the photo detecting 
means 30, means having light receiving elements 
arrayed in the direction along which the angle of reflec- 
tion changes, such as a CCD line sensor, may be 

5 employed. Alternatively, a photodiode, a two-part photo- 
diode proposed in U.S. Serial No. 08/840,643, a photo- 
diode array, or the like, may be employed. However, the 
location of the photo detecting means 30 is regulated 
such that it can reliably detect the totally reflected light 

70 beam, which comes from the radiating position chang- 
ing in accordance with the change in the position of inci- 
dence of the light beam L upon the prism 13. 

How the sample analyses are carried out in the sev- 
enth embodiment of the surface plasmon sensor having 

15 the constitution described above will be described here- 
inbelow. Firstly, as illustrated in Figure 1 1 A, a plurality of 
sample cells 8, 8, ... are located on the sensor film, and 
different samples Sn (S 1p S 2 , S 3 , ...) are introduced into 
the sample cells 8, 8, ... The samples Sn are thus 

20 located such that they may be in contact with the sensor 
film. Figure 1 1 B is a sectional view of Figure 1 1 A. 

Thereafter, an analysis is carried out on each of the 
samples. In the sample analysis, for each sample, the 
light beam L, which has been set as the P-polarized 

25 light, is entered into the prism 13 from its one surface. 
The light beam L passes through the prism 13 and 
impinges upon the interface 4. As described above, the 
light beam L, which has been converged and irradiated, 
impinges at various angles of incidence e upon the 

30 interface 4 between the metal film 3 and the transparent 
substrate 2. The light beam L is then totally reflected 
from the interface 4, again passes through the prism 1 3, 
and is then radiated out of the other surface of the prism 
13. The intensity of the light beam L, which has thus 

35 been radiated out of the prism 13, is detected by the 
photo detecting means 30. At this time, the photo detec- 
tion signal, which is detected by the photo detecting 
means 30, represents the intensity I of the totally 
reflected light beam L with respect to each of the angles 

40 of incidence e upon the interface 4. Figure 2 approxi- 
mately shows the relationship between the intensity I of 
the reflected light beam and the angles of incidence 6. 

The light impinging at a specific angle of incidence 
(i.e., the ATR angle) 8^ upon the interface 4 excites sur- 

45 face plasmon at the interface between the metal film 3 
and the sample Sn. As for the light impinging at the spe- 
cific angle of incidence e sp upon the interface 4, the 
intensity I of the reflected light becomes markedly low. 
From the photo detection signal detected by each of the 

so light receiving elements of the photo detecting means 
30, the ATR angle 0 sp can be determined. As described 
above in detail, a specific substance contained in the 
sample Sn can be analyzed quantitatively in accord- 
ance with the value of the ATR angle 0 sp . 

55 In the seventh embodiment, the analysis is carried 
out on each of the plurality of samples Sn. For this pur- 
pose, the sensor unit 1 is intermittently conveyed along 
the conveying rail of the sensor unit attachment 15 and 
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in the directions indicated by the double headed arrow 
X. Also, the light beam L is shifted in parallel by the tel- 
ecentric scanner 223 and caused to impinge succes- 
sively upon the portions o1 the interface 4, which 
correspond to the samples Sn. The two-dimensional 
scanning is thus carried out such that the light beam L 
may be irradiated under the same conditions with 
respect to the samples Sn. In this manner, the analyses 
of the plurality of the samples Sn can be carried out 
quickly and efficiently. 

As described above, in the seventh embodiment, 
the two-dimensional scanning with the light beam L can 
be carried out. Therefore, the seventh embodiment is 
also applicable when, for example, a sample, such as a 
gel sheet having been used in electrophoresis, is 
located on the metal film 3 and scanned in two-dimen- 
sional directions, and two-dimensional information rep- 
resenting the physical properties of a substance, which 
is to be analyzed and is distributed in the sample, is 
thereby obtained. 

Also, as illustrated in Figure 12, a plurality of 
regions 3a, 3a, ... may be set on the metal film 3, and 
sensor films provided with different bonding reaction 
films may be employed for the regions 3a, 3a, ... In this 
condition, the two-dimensional scanning with the light 
beam may be carried out. In this manner, analyses of 
different immune reactions, and the like, which occur in 
the respective regions, can be carried out with respect 
to the respective regions. 

An eighth embodiment of the surface plasmon sen- 
sor in accordance with the present invention will be 
described hereinbelow with reference to Figures 13, 14, 
and 15. Figure 13 is a side view showing the eighth 
embodiment of the surface plasmon sensor in accord- 
ance with the present invention. Figure 14 is a view 
taken from a direction indicated by the arrow A in Figure 
13. Figure 15 is a view taken from a direction indicated 
by the arrow B in Figure 13. In the eighth embodiment 
(and ninth to thirteenth embodiments described later), 
as for the same constitutions and the same operating 
sections as those in the aforesaid seventh embodiment, 
detailed explanation will be omitted. 

In the eighth embodiment, the pipes 41 and 42, 
which allow the matching liquid 5 to flow into and out of 
the space between the sensor unit 1 and the coupler 
means 10. are located such that one end of each pipe 
may be inserted through the wall of the cell 1 2. The pipe 
41 has an opening at the other end, which is located at 
a position higher than the bottom surface of the trans- 
parent substrate 2 with respect to the vertical direction. 
The pipe 41 thereby forms a vacant member, which 
allows the matching liquid 5 to be introduced up to a 
position higher than the bottom surface of the transpar- 
ent substrate 2. The other end of the pipe 42 is inserted 
into the matching liquid tank 43. which stores the match- 
ing liquid 5. The pump 44 is located at an intermediate 
position between the two ends of the pipe 42. The pipe 
42, the matching liquid tank 43. and the pump 44 



together constitute the matching liquid supply means. 
The sensor unit 1 is not immersed in the matching liquid 
5 as in the aforesaid seventh embodiment, and is 
located such that the bottom surface of the transparent 

5 substrate 2 may be in contact with the surface of the 
matching liquid 5. 

In the eighth embodiment, conveying shafts 76', 76' 
are secured to the sensor unit 1 from its two sides. The 
conveying shafts 76', 76' have a large width, such that 

10 they may close the recess 11 of the cell 12, which is 
filled with the matching liquid 5. After the sensor unit 1 
has been supported by the sensor unit attachment 1 5, 
the pump 44 is operated to supply the matching liquid 5 
from the matching liquid tank 43, through the pipe 42, 

15 and into the space between the transparent substrate 2 
and the coupler means 10. The matching liquid 5 is sup- 
plied until the level of the matching liquid 5, which has 
entered into the pipe 41, becomes higher than the bot- 
tom surface of the transparent substrate 2. In this man- 

20 ner, the space between the transparent substrate 2 and 
the coupler means 10 can be completely filled with the 
matching liquid 5. 

One of the conveying shafts 76', 76' is grasped 
between rollers 77a'. 77a', and the other conveying 

25 shaft 76' is grasped between rollers 77b\ 77b*. In 
accordance with the rotations of the rollers 77a' , 77a' 
and the rollers 77b'. 77b'. the conveying shafts 76'. 76' 
are moved, and the sensor unit 1 is moved by the con- 
veying shafts 76\ 76*. 

30 In the seventh and eighth embodiments described 
above, the coupler means 10 is provided with the prism 
13. However, in the surface plasmon sensor in accord- 
ance with the present invention, the coupler means 
need not necessarily be provided with the prism. 

35 For example, as in a ninth embodiment shown in 
Figure 16, the diffraction gratings 50 and 51 may be 
formed on the cell 12, and the light beam L may be 
entered from the diffraction grating 50 and radiated out 
of the diffraction grating 51 . In such cases, the light 

40 beam L is diffracted by the diffraction grating 50 for the 
entry of the light beam and is caused to impinge upon 
the interface 4 at an angle of incidence 6. The light 
beam L is then totally reflected from the interface 4, dif- 
fracted by the diffraction grating 51 for radiation of the 

45 light beam, and radiated out of the coupler means 10. 
The intensity of the light beam L, which has thus been 
radiated out of the coupler means 10. is detected by the 
photo detecting means 30. 

Alternatively, as in a tenth embodiment shown in 

so Figure 17, the portion 53, which is convex downwardly, 
may be formed at the bottom surface of the cell 12, and 
the matching liquid 5 may be filled in the region inside of 
the convex portion 53. The lateral faces of the convex 
portion 53 may be constituted of the glass windows 54 

55 and 55. and the light beam L may be entered from the 
glass window 54 and radiated out of the glass window 
55. The glass windows 54 and 55 are constituted of a 
material having a refractive index approximately equal 
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to the refractive indexes of the transparent substrate 2 
and the matching liquid 5. In such cases, portions of the 
cell 1 2 other than the glass windows 54 and 55 need not 
be permeable to light. 

An eleventh embodiment of the surface plasmon 
sensor in accordance with the present invention will be 
described hereinbelow with reference to Figures 18, 19, 
and 20. Figure 18 is a side view showing the eleventh 
embodiment of the surface plasmon sensor in accord- 
ance with the present invention. Figure 19 is a view 
taken from a direction indicated by the arrow A in Figure 
18 Figure 20 is a view taken from a direction indicated 
by the arrow B in Figure 18. Figures 19 and 20 are frag- 
mentally sectional views, in which several portions of 
the surface plasmon sensor are omitted. 

In the eleventh embodiment, a sensor unit 101 
comprises the sensor section 1 04 and the sensor sec- 
tion holding member 105 for holding the sensor section 
104. The sensor section 104 is constituted of the main 
transparent substrate 102 and the metal film 103 
located on the main transparent substrate 102. The bot- 
tom surface of the sensor section holding member 105 
is constituted of the supporting transparent substrate 
106. which has a refractive index approximately equal to 
the refractive index of the main transparent substrate 
102 of the sensor section 104. An analysis is carried out 
while the main transparent substrate 102 of the sensor 
section 104 is being in close contact with the supporting 
transparent substrate 106 via the matching liquid. As in 
the seventh to tenth embodiments described above, the 
bonding reaction film is formed on the metal film 103. At 
the time of sensor exchange, the sensor unit 101 may 
be exchanged with a new one. Alternatively, only the 
sensor section 1 04 may be exchanged with a new one. 
Since the sensor section 104 has the simple constitu- 
tion, its cost can be kept low, and it can be exchanged 
easily. Also, as the sensor section 104, one of sensor 
sections having different sizes or different forms can be 
used. 

As illustrated in Figure 21 , a plurality of sensor sec- 
tions 104', 104', ... having the same size or different 
sizes may be held by the sensor section holding mem- 
ber 105. The sensor sections 104', 104*, ... may be pro- 
vided respectively with different samples Sn (S 1f S2. S3, 
...), and analyses may be successively carried out with 
respect to the samples Sn. In such cases, bonding reac- 
tion tarns a, a, ... are formed respectively on the metal 
films 103, 103, ... of the sensor sections 104\ 104\ ... 
Also, the samples Sn are located respectively on the 
respective bonding reaction films a, a, ... Alternatively, 
as illustrated in Figure 22, different kinds of bonding 
reaction films a, b, c, d, ... containing different kinds of 
antigens (or antibodies) may be formed respectively on 
the metal films 103, 103. ... of sensor sections 104", 
104" and different phenomena occurring with a sin- 
gle sample S at the bonding reaction films a, b, c, d, ... 
may be determined successively. 

In the eleventh embodiment of Figure 18, as in the 



tenth embodiment of Figure 17, a coupler means 1 10 is 
constituted such that the portion 113, which is convex 
downwardly, may be formed at a portion of the cell 112, 
and the lateral faces of the convex portion 113 may be 

5 constituted of the glass windows 1 1 4 arid 1 1 5. The light 
beam L is entered from the glass window 1 14 and radi- 
ated out of the glass window 1 1 5. At the time of an anal- 
ysis, the matching liquid 5 is filled in the recess, which is 
surrounded by the cell 1 12 and the optical system case 

10 housing 141 described later, such that the bottom sur- 
face of the sensor section holding member 105 may be 
immersed in the matching liquid 5. 

A light-source optical means 120 produces the light 
beam L and causes it to enter into the coupler means 

75 1 10. The light-source optical means 120 comprises the 
light source device 123, which is provided with the light 
source 121, such as a semiconductor laser, and the col- 
limator lens 122. The light-source optical means 120 
also comprises a telecentric scanner 124, which is a 

20 light deflecting means utilizing a telecentric optical sys- 
tem. The telecentric scanner 124 comprises a galva- 
nometer mirror 125 and an fe lens 126. The light beam 
L is converged by the fe lens 126 into a light spot and is 
caused to enter into the coupler means 110 from the 

25 glass window 114. In accordance with the swinging 
operation of the galvanometer mirror 125. the position 
of incidence of the light beam L upon the glass window 
114 is shifted in parallel along the directions indicated 
by the double headed arrow Y. The light beam L, which 

30 has been radiated out of the light source device 123, is 
caused to enter into the coupler means 1 10 as P-polar- 
ized light. The converged light beam L contains compo- 
nents, which impinge at various different angles of 
incidence 6 upon an interface 107 between the main 

35 transparent substrate 102 and the metal film 103. The 
angles of incidence 0 are set to be not smaller than the 
total reflection critical angle, such that the light beam L 
may be totally reflected from the interface 107. 

A detection means 130 detects the light beam, 

40 which has been reflected from the interface 1 07 and has 
then been radiated out of the glass window 1 15 of the 
coupler means 110. An fe lens 131 is located on the 
side of the detection means 130, such that the light 
beam may be reliably detected by the detection means 

45 130. 

In the eleventh embodiment of Figure 18, the cou- 
pler means 110, the light-source optical means 120, 
and the detection means 130 are located on the base 
140. On the base 140, the optical system case housing 

50 141 is formed such that it may surround the light-source 
optical means 1 20, and the like. The coupler means 1 1 0 
is secured to the optical system case housing 1 41 . Also, 
the fe lens 126 on the side of the light-source optical 
means 1 20 and the f e lens 1 31 on the side of the detec- 

55 tion means 130 are hung from and supported by the 
lower surface of the coupler means 110. 

The case housing 142 is formed on the base 140 
such that the case housing 142 may surround the opti- 
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cal system case housing 141. A conveying rail 143', 
which extends along the directions indicated by the dou- 
ble headed arrow X and conveys the sensor unit 101 , is 
located on the top surface of the case housing 1 42. The 
case housing 142 and the conveying rail 143' together 5 
constitute the sensor unit attachment for supporting the 
sensor unit 101 such that the distance between the sen- 
sor unit 101 and the coupler means 110 may be kept to 
be equal to the predetermined value. The sensor unit 
101 can be moved along the conveying rail 143* in the jo 
directions indicated by the double headed arrow X, 
while the distance between the sensor unit 101 and the 
coupler means 1 10 is being kept to be equal to the pre- 
determined value. Specifically, in the eleventh embodi- 
ment, the conveying rail 143*. which is located on the 15 
base 140, corresponds to the sensor unit relative move- 
ment means. 

As described above, in the eleventh embodiment, 
two-dimensional scanning can be carried out by the 
movement of the sensor unit 101 in the directions indi- 20 
cated by the double headed arrow X and the shifting of 
the light beam incidence position in the directions indi- 
cated by the double headed arrow Y, the shifting being 
conducted by the telocentric scanner 124 of the light- 
source optical means 1 20. 25 

A twelfth embodiment of the surface plasmon sen- 
sor in accordance with the present invention will be 
described hereinbelow with reference to Figure 23. In 
the twelfth embodiment, as in the eleventh embodiment 
of Figure 18, the sensor unit 101. the coupler means so 
1 10, the light-source optical means 120, and the detec- 
tion means 130 are employed. The light-source optical 
means 120 and the detection means 1 30 are located on 
a movable bed 1 45, and an optical system case housing 
1 46 is formed on the movable bed 1 45 so as to surround 35 
the light-source optical means 120, and the like. The 
coupler means 110 is secured to the optical system 
case housing 146. Also, the f6 lens 126 on the side of 
the light-source optical means 120 and the fO lens 131 
on the side of the detection means 130 are hung from 40 
and supported by the lower surface of the coupler 
means 110. 

A conveying rail 148, which extends in the direction 
indicated by the double headed arrow X, is located on a 
base 147. The movable bed 145 is located on the con- 45 
veying rail 148 and can be moved along the conveying 
rail 148 in the direction indicated by the double headed 
arrow X. The movement of the movable bed 145 in the 
direction indicated by the double headed arrow X 
means that the light-source optical means 1 20 is moved so 
in the direction indicated by the double headed arrow X. 
In accordance with the movement of the light-source 
optical means 120, the incidence position of the light 
beam L upon the interface 107 is shifted in the direction 
indicated by the double headed arrow X. On the base 55 
147, a case housing 149 is formed such that it may sur- 
round the optical system case housing 146. The sensor 
unit 101 is secured to the top surface of the case hous- 



ing 149. Specifically, the case housing 149 also serves 
as the sensor unit attachment for supporting the sensor 
unit 101. The sensor section 104 is provided with a 
sample supply unit 1 50 for supplying the sample S to be 
analyzed. 

As described above, in the twelfth embodiment, 
two-dimensional scanning can be carried out by the 
movement of the movable bed 1 45 in the directions indi- 
cated by the double headed arrow X and the shifting of 
the light beam incidence position in the directions indi- 
cated by the double headed arrow Y, the shifting being 
conducted by the telecentric scanner 124 of the light- 
source optical means 120. 

A thirteenth embodiment of the surface plasmon 
sensor in accordance with the present invention will be 
described hereinbelow with reference to Figures 24 and 
25. Figure 24 is a side view showing the thirteenth 
embodiment of the surface plasmon sensor in accord- 
ance with the present invention. Figure 25 is a view 
taken from a direction indicated by the arrow A in Figure 
24. Figure 25 is a frag mentally sectional view, in which 
several portions of the surface plasmon sensor are 
omitted. 

As in the twelfth embodiment of Figure 23, the thir- 
teenth embodiment of Figure 24 is provided with the 
two-dimensional scanning mechanism. However, the 
thirteenth embodiment is different from the twelfth 
embodiment in that the light source device 1 23, which is 
provided with the light source 121 , such as a semicon- 
ductor laser, and the collimator lens 122, and the detec- 
tion means 130 are located at the exterior of the case 
housing 149. Specifically, in the thirteenth embodiment, 
an optical means 128 for a light source is provided with 
a mirror 127 and the telecentric scanner 124 for reflect- 
ing and deflecting the light beam L, which has been 
radiated out of the light source device 1 23, such that the 
li§ht beam L may enter into the coupler means 110. 
Also, an optical means 1 35 for a detection means is pro- 
vided with a lens 132 and mirrors 133, 134 for guiding 
the light beam, which has been radiated out of the cou- 
pler means 1 10, to the detection means 130. The opti- 
cal means 128 for the light source and the optical 
means 135 for the detection means are accommodated 
in the optical system case housing 146. The light source 
device 123 and the detection means 130 are located at 
the exterior of the case housing 149. 

The light source 121 and the detection means 130 
are exchanged with new ones in accordance with the 
kind of the substance to be analyzed and the desired 
analysis accuracy. Therefore, the light source 121 and 
the detection means 130 are mounted releasably. For 
example, in cases where a wide dynamic range is to be 
obtained, the detection means 130 is replaced by a 
CCD. In cases where a particularly accurate analysis is 
to be made, the detection means 130 is replaced by a 
two-part photodiode. Since the light source device 123 
and the detection means 130 are located at the exterior 
of the case housing 149, they can be very easily 
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exchanged with new ones. 

In cases where the light source and the detection 
means are located in the interior of the optical system 
case housing 146, since the light source and the detec- 
tion means must be accommodated within the limited 
area, the forms of the light source and the detection 
means are limited. However, in the thirteenth embodi- 
ment, wherein the light source and the detection means 
are located at the exterior of the optical system case 
housing 146, no limitation is imposed upon the forms of 
the light source and the detection means, and the light 
source and the detection means can take on various 
desired forms. For example, it is possible to employ a 
plurality of light sources and a plurality of detection 
means. 

Alternatively, a light source, which may be consti- 
tuted of a semiconductor !aser ; or the like may be 
located at a position independent of the base 147, on 
which the optical system case housing 146 and the 
case housing 149 are located. In such cases, the light 
beam having been produced by the light source may be 
guided through an optical ftoer, particularly a polariza- 
tion plane keeping type of optical fiber, to the optical 
means for the light source. 

Also, as in the thirteenth embodiment of Figure 24, 
the aforesaid eleventh embodiment of Figure 18 may be 
modified such that the light source and the detection 
means may be located at the exterior of the case hous- 
ing 142. Alternatively, the eleventh embodiment of Fig- 
ure 18 may be modified such that the light source may 
be located at a position independent of the base 140, 
and the light beam having been produced by the light 
source may be guided through an optical fiber to the 
optical means for the light source. 

The seventh to thirteenth embodiments described 
above may be modified such that only either one of the 
sensor unit relative movement means and the incidence 
position shifting means may be provided, and analyses 
may be carried out with respect to a plurality of samples, 
which are arrayed along a one-dimensional direction. 

Fourteenth and fifteenth embodiments of the sur- 
face plasmon sensor in accordance with the present 
invention will be described hereinbelow. 

Figure 26 is a side view showing a fourteenth 
embodiment of the surface plasmon sensor in accord- 
ance with the present invention. 

As illustrated in Figure 26, basically, the surface 
plasmon sensor comprises the sensor unit 1 provided 
with the metal film, which is brought into contact with the 
sample S to be analyzed and may be constituted of 
gold, silver, or the like. The surface plasmon sensor also 
comprises the sensor unit support means 15 for sup- 
porting the sensor unit 1 . The surface plasmon sensor 
further comprises the coupler means 10. which is 
located with respect to the sensor unit 1 . The matching 
liquid 5 intervenes between the sensor unit 1 and the 
coupler means 10. The surface plasmon sensor still fur- 
ther comprises a light-source optical means 320 for pro- 



ducing a light beam and causing the light beam to enter 
into the coupler means 10, and a photo detecting 
means 330 for detecting the ATR angle e sp from the light 
beam having been radiated out of the coupler means 

5 10- 

The fourteenth embodiment of the surface plasmon 
sensor in accordance with the present invention will 
hereinbelow be described in more detail. 

The sensor unit 1 comprises the transparent sub- 

w strate (the sensor substrate) 2, which has uniform thick- 
ness and may be constituted of glass, or the like, and 
the metal film 3, which is formed on the transparent sub- 
strate 2 and may be constituted of gold, silver, or the 
like. In this embodiment, the combination of the metal 

75 film 3 and the bonding reaction film (nqt shown), which 
is formed on the metal film 3, is referred to as the sensor 
film. 

The coupler means 10 comprises the cell 12, which 
is constituted of glass and has the recess 1 1 on the side 

20 facing the sensor unit 1 , and a light beam entry portion 
313 and a light beam radiating portion 314, which are 
formed on the other side of the cell 12. Each of the light 
beam entry portion 313 and the light beam radiating 
portion 31 4 is constituted of a hologram optical element. 

25 The sensor unit support means (the sensor unit attach- 
ment) 15 for supporting the sensor unit i is located at a 
portion of the coupler means 1 0. The sensor unit attach- 
ment 15 supports the sensor unit 1 such that the dis- 
tance between the transparent substrate 2 and the cell 

30 1 2 may be equal to the predetermined value. The space 
between the transparent substrate 2 and the coupler 
means 10 is filled with the matching liquid 5. The trans- 
parent substrate 2, the coupler means 10, which is pro- 
vided with the light beam entry portion 313 and the light 

35 beam radiating portion 314 each being constituted of 
the hologram optical element, and the matching liquid 5 
have refractive indexes approximately equal to one 
another, such that reflection of the light beam from the 
interfaces among them may be prevented. 

40 The light-source optical means 320 comprises a 
light source 321, which produces a light beam L and 
may be constituted of a semiconductor laser, or the like. 
The light-source optical means 320 also comprises a 
lens 322 for radiating the light beam L as collimated 

45 light. The light-source optical means 320 is located on a 
stage 327 for a light-source optical means and can be 
moved in the directions indicated by the double headed 
arrow X and on the stage 327 for the light-source optical 
means. The light beam L, which has been produced by 

so the light source 321, is converted by a polarizer (not 
shown) into P-polarized light and is then caused to enter 
into the coupler means 10 from the light beam entry por- 
tion 313. The light beam L then impinges at a predeter- 
mined angle of incidence 0 upon the interface 4 

55 between the transparent substrate 2 and the metal film 
3. At this time, the angle of incidence 0 can be set at var- 
ious different values by moving the light-source optical 
means 320 in the directions indicated by the double 
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headed arrow X and on the stage 327 for the light- 
source optical means. The operation for moving the 
tight-source optical means 320 in the directions indi- 
cated by the double headed arrow X is equivalent to the 
operation for moving the light source 321 in a plane, 5 
which is parallel to the interface 4, and in a direction 
heading towards the focal position of the light beam on 
the interface 4 or in a direction heading away from the 
focal position. The angle of incidence e of the light beam 
L upon the interface 4 is set so as to vary within an 70 
angle range not smaller than the total reflection critical 
angle, such that the light beam L may be totally 
reflected from the interface 4. 

The hologram optical element, which is employed 
as each of the light beam entry portion 313 and the light is 
beam radiating portion 314, is designed to have lens 
functions for converging the light beam and aberration 
compensating functions and to converge the incident 
co Hi mated light beam into a single spot. For example, as 
illustrated in Figure 27, an optical path, which is indi- 20 
cated by the dotted lines, is set such that the collimated 
light incident at a predetermined angle may be con- 
verged to a predetermined point P on the interface 4. In 
this manner, every collimated light beam, which 
impinges upon the light beam entry portion 313 from a 25 
different incidence position, is converged to the prede- 
termined point R Therefore, when the incidence posi- 
tion of the collimated light beam L is shifted from a 
position Xi to a position X 2 in the direction indicated by 
the arrow in Figure 27, the angle of incidence of the light 30 
beam at the predetermined point P can be changed 
from e 1 to 6 2 < Accordingly, the light beam can be caused 
to impinge at various different angles of incidence at the 
predetermined point P on the interface 4 by merely 
moving the light-source optical means 320 in parallel. 35 

As the photo detecting means 330, for example, a 
photodiode, a two-part photodiode proposed in U.S. 
Serial No. 08/840,648, a photodiode array, a CCD line 
sensor, or the like, may be employed. In accordance 
with a change in incidence position of the light beam L, 40 
the position of the light beam L radiated out of the holo- 
gram optical element for light beam radiation changes. 
Therefore, the photo detecting means 330 is located on 
a stage 337 for the photo detecting means and can be 
moved in the directions indicated by the double headed 45 
arrow X and on the stage 337 for the photo detecting 
means. The light-source optical means 320 and the 
photo detecting means 330 are synchronously moved 
on the stages 327 and 337 and in the direction heading 
towards each other or in the direction heading away so 
from each other. In this manner, the light beam L, which 
has been radiated out of the light-source optical means 
320 and has then been reflected from the interface 4, 
can be reliably detected by the photo detecting means 
330. 5$ 

How a sample analysis is carried out in the four- 
teenth embodiment of the surface plasmon sensor hav- 
ing the constitution described above will be described 



hereinbelow. The sample S to be analyzed is located 
such that it may be in contact with the metal film 3. The 
light beam L, which has been produced and converted 
into the P-polarized light by the light-source optical 
means 320, enters into the coupler means 10 from the 
light beam entry portion 313. The light beam L passes 
through the coupler means 10 and the matching liquid 
5, and impinges upon the interface 4 between the trans- 
parent substrate 2 and the metal film 3. As described 
above, the light-source optical means 320 is moved in 
the directions indicated by the double headed arrow X 
and on the stage 327 for the light-source optical means, 
and the light beam L is thereby caused to impinge at 
various angles of incidence 0 upon the interface 4. The 
light beam L is then totally reflected from the interface 4 
and radiated out of the light beam radiating portion 314. 
The intensity of the light beam L. which has thus been 
radiated out of the light beam radiating portion 314, is 
detected by the photo detecting means 330. 

A photo detection signal, which is detected by the 
photo detecting means 330, represents the intensity I of 
the totally reflected light beam L with respect to each of 
the angles of incidence 0 upon the interface 4. Figure 2 
approximately shows the relationship between the 
intensity I of the reflected light beam and the angles of 
incidence 6. 

The light impinging at a specific angle of incidence 
(i.e., the ATR angle) 0 sp upon the interface 4 excites sur- 
face plasmon at an interface between the metal film 3 
and the sample S. As for the light impinging at the spe- 
cific angle of incidence 6 sp upon the interface 4, the 
intensity I of the reflected light becomes markedly low. 
From the photo detection signal detected by the photo 
detecting means 330, the ATR angle e sp can be deter- 
mined. As described above in detail, the specific sub- 
stance contained in the sample S can be analyzed 
quantitatively in accordance with the value of the ATR 
angle e sp . 

A fifteenth embodiment of the surface plasmon sen- 
sor in accordance with the present invention, which is 
constituted as a two-dimensional scanning type, will be 
described hereinbelow. Figure 28 is a side view show- 
ing the fifteenth embodiment of the surface plasmon 
sensor in accordance with the present invention. Figure 
29 is a view taken from a direction indicated by the 
arrow A in Figure 28. Figure 30 is a view taken from a 
direction indicated by the arrow B in Figure 28. How- 
ever, in Figure 28, the light-source optical means 320 is 
not shown. Also, Figure 30 is a frag mentally sectional 
view. In the fifteenth embodiment, as for the same con- 
stitutions and the same operating sections as those in 
the aforesaid fourteenth embodiment, detailed explana- 
tion will be omitted. Only the different features will be 
described hereinbelow. 

The sensor unit 1 comprises the transparent sub- 
strate (the sensor substrate) 2, which has uniform thick- 
ness and may be constituted of glass, or the like, and 
the metal film 3, which is formed on the transparent sub- 
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strate 2 and may be constituted of gold, silver, or the 
like. The waterproof wall 6 is formed such that it may 
surround the metal film 3. When an analysis is to be car- 
ried out, the lower portion of the sensor unit 1 is 
immersed in the matching liquid 5. 

As illustrated in Figure 29, in the fifteenth embodi- 
ment, the coupler means 10 has a structure extending 
in one direction, and the sensor unit attachment 15 is 
formed along the recess 11 of the coupler means 10. 
The sensor unit attachment 15 is provided with a con- 
veying rail (not shown), and the sensor unit 1 can be 
moved along the conveying rail, i.e. along the sensor 
unit attachment 15. The conveying shaft 76 is secured 
to the sensor unit 1. Also, the conveying shaft 76 is 
grasped between the rollers 77, 77 and moved by the 
rotation of the rollers 77, 77. In accordance with the 
rotation of the rollers 77, 77, the conveying shaft 76 is 
moved, and the sensor unit 1 is moved by the conveying 
shaft 76 in the directions indicated by the double 
headed arrow X. Specifically, in the fifteenth embodi- 
ment, the sensor unit relative movement means is con- 
stituted by the conveying rail of the sensor unit 
attachment 15, the conveying shaft 76, and the rollers 
77, 77. 

The light-source optical means 320 comprises the 
light source 321, which produces a light beam L and 
may be constituted of a semiconductor laser, or the like. 
The light-source optical means 320 also comprises a 
cylindrical lens 322 and a telecentric scanner 326, 
which is a light deflecting means utilizing a telecentric 
optical system. The telecentric scanner 326 comprises 
a galvanometer mirror 324, which is located at the posi- 
tion corresponding to the focal length of the cylindrical 
lens 322, and a cylindrical lens 325. The light beam L, 
which has been produced by the light source 321, is 
focalized on the galvanometer mirror 324 by the cylindri- 
cal lens 322. The light beam L is then reflected from the 
galvanometer mirror 324 and impinges upon the cylin- 
drical lens 325 of the telecentric scanner 326. The light 
beam L is collimated by the cylindrical lens 325 and 
caused to enter into the coupler means 10 from the light 
beam entry portion 313. In this embodiment, the holo- 
gram optical element, which constitutes each of the light 
beam entry portion 313 and the light beam radiating 
portion 314, has the cylindrical lens functions and the 
aberration compensating functions. The light beam, 
which has been entered into the coupler means 10 from 
the light beam entry portion 313 is converged in one 
direction on the interface 4 between the metal film 3 and 
the transparent substrate 2. In this embodiment, the 
hologram optical element has the cylindrical lens func- 
tions having the refracting power only in the plane, 
which is parallel to the plane of the sheet of Figure 28. 
The direction, which is normal to the plane of the sheet 
of Figure 28, is the axial direction of the cylindrical lens 
functions. The axial direction of the cylindrical lens func- 
tions is the same as the directions indicated by the dou- 
ble headed arrow Y in Figure 30. In accordance with the 



swinging operation of the galvanometer mirror 324, the 
position of incidence of the light beam L upon the light 
beam entry portion 313 is shifted in parallel along the 
directions indicated by the double headed arrow Y. 

5 In the fifteenth embodiment of Figure 28, as 

described above, the telecentric scanner 326, which is 
the light deflecting means, is employed as the means for 
shifting the incidence position of the light beam L. Alter- 
natively, for example, the incidence position shifting 

10 means may be constituted such that the stage 327 for 
the light-source optical means, on which the light- 
source optical means 320 has been located, may be 
located on a stage, which can be moved in the direc- 
tions indicated by the double headed arrow Y The stage 

15 327 may thus be moved in the directions indicated by 
the double headed arrow Y, and the incidence position 
of the light beam may thereby be shifted in parallel 
along the directions indicated by the double headed 
arrow Y. 

20 The location of the photo detecting means 330 is 
regulated such that it can reliably detect the light beam, 
which has been reflected from the interface 4 and has 
then been radiated out of the light beam radiating por- 
tion 314. 

25 How the sample analyses are carried out in the fif- 
teenth embodiment of the surface plasmon sensor hav- 
ing the constitution described above will be described 
hereinbelow. Firstly, as illustrated in Figure 11 A, a plu- 
rality of sample cells 8, 8 which respectively contain 

30 different samples S 1 , S 2 . S 3 are located on the sen- 
sor film. The samples Sn (n=1 , 2. 3, ...) are thus located 
such that they may be in contact with the sensor film. 

In the fifteenth embodiment, the sensor unit 1 is 
intermittently conveyed along the conveying rail of the 

35 sensor unit attachment 15 and in the directions indi- 
cated by the double headed arrow X. Also, with the tel- 
ecentric scanner 326, the light beam L is shifted in 
parallel in the directions indicated by the double headed 
arrow Y The light beam L is thus caused to impinge 

40 successively upon the portions of the interface 4, which 
correspond to the samples Sn. In this manner, the anal- 
yses are carried out with respect to the respective sam- 
ples. The analysis with respect to each sample is 
carried out in the manner described below. Specifically, 

45 in the same manner as that in the aforesaid fourteenth 
embodiment of Figure 26, the light-source optical 
means 320 is moved in the directions indicated by the 
double headed arrow X and on the stage 327 for the 
light-source optical means, and the light beam L is 

so thereby caused to impinge at various angles of inci- 
dence upon the portion of the interface 4, which corre- 
sponds to each sample. Also, the intensity of the light 
beam L, which has thus been totally reflected from the 
interface 4 and radiated out of the light beam radiating 

55 portion 314. is detected by the photo detecting means 
330. The two-dimensional scanning is thus carried out 
such that the light beam L may be irradiated under the 
same conditions with respect to the samples Sn. In this 
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manner, the analyses of the plurality of the samples Sn 
can be carried out quickly and efficiently. 

As described above, in the fifteenth embodiment, 
the two-dimensional scanning with the light beam L can 
be carried out Therefore, the fifteenth embodiment is s 
also applicable when, for example, a sample, such as a 
gel sheet having been used in electrophoresis, is 
located on the metal film 3 and scanned in two-dimen- 
sional directions, and two-dimensional information rep- 
resenting the physical properties of a substance, which 10 
is to be analyzed and is distributed in the sample, is 
thereby obtained. 

Also, as illustrated in Figure 12, a plurality of 
regions 3a, 3a, ... may be set on the metal film 3. and 
sensor films provided with different bonding reaction is 
films may be employed for the regions 3a, 3a, ... In this 
condition, the two-dimensional scanning with the light 
beam may be carried out. In this manner, analyses of 
different immune reactions, and the like, which occur in 
the respective regions, can be carried out with respect 20 
to the respective regions. 

The fifteenth embodiment described above may be 2. 
modified such that only either one of the sensor unit rel- 
ative movement means and the incidence position shift- 
ing means may be provided, and analyses may be 25 
carried out with respect to a plurality of samples, which 3. 
are arrayed along a one-dimensional direction. 

Claims 

30 

1 . A surface plasmon sensor, comprising: 

i) a sensor unit provided with a transparent 
substrate, which has a predetermined refrac- 
tive index, and a metal film, which is located on 35 
one surface side of said transparent substrate, 
and 

ii) a coupler means located on the other sur- 
face side of said transparent substrate, which 
surface side is opposite to said one surface, 40 4. 
with a refractive index matching liquid, which 

has a refractive index approximately equal to 
said predetermined refractive index, interven- 
ing between said transparent substrate and 
said coupler means, 45 

said coupler means having a light beam 
entry portion, which is formed at a portion of 
said coupler means, and a light beam radiating 
portion, which is formed at a different portion of 
said coupler means, such that said coupler so 
means may transmit a light beam having been 
entered from said light beam entry portion, may 
cause the transmitted light beam to impinge 5. 
upon an interface between said transparent 
substrate and said metal film, may transmit the ss 
light beam having been totally reflected from 
said interface, and may then radiate the totally 
reflected light beam out of said light beam radi- 



ating portion, portions of said coupler means, 
which transmit the light beam, having a refrac- 
tive index approximately equal to said predeter- 
mined refractive index, 

the surface plasmon sensor causing the 
light beam to enter from said light beam entry 
portion and detecting an attenuated total 
reflection angle e sp from the light beam, which 
has been totally reflected from said interface 
and has then been radiated out of said tight 
beam radiating portion, 

wherein a sensor unit support means is 
provided, said sensor unit support means sup- 
porting said sensor unit such that a distance 
between said transparent substrate and said 
coupler means may be kept to be equal to a 
predetermined value, and 

wherein the space between said trans- 
parent substrate and said coupler means is 
filled with said refractive index matching liquid. 

A surface plasmon sensor as defined in Claim 1 
wherein said sensor unit support means is secured 
to a portion of said coupler means. 

A surface plasmon sensor as defined in Claim 1 
wherein the surface plasmon sensor further com- 
prises a matching liquid supply means, which sup- 
plies said refractive index matching liquid into said 
space, and 

a vacant member, which communicates with 
said space and allows said refractive index match- 
ing liquid to be introduced up to a position higher 
than said other surface of said transparent sub- 
strate, 

said refractive index matching liquid being 
filled in said space by said matching liquid supply 
means. 

A surface plasmon sensor as defined in Claim 1 
wherein a liquid reservoir for storing said refractive 
index matching liquid therein is formed on the side 
of said coupler means, which side stands facing 
said transparent substrate, 

said transparent substrate is provided with a 
waterproof wall, which surrounds said metal film, 
and 

said sensor unit is supported in said liquid 
reservoir such that said other surface of said trans- 
parent substrate may be immersed in said refrac- 
tive index matching liquid. 

A surface plasmon sensor as defined in Claim 1 
wherein said coupler means is provided with a 
prism, and 

said light beam entry portion and said light 
beam radiating portion are formed in said prism. 
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6. A surface plasmon sensor as defined in Claim 1 
wherein each of said light beam entry portion and 
said light beam radiating portion of said coupler 
means is constituted of a diffraction grating. 

5 

7. A surface plasmon sensor as defined in Claim 1 
wherein said coupler means is provided with a con- 
vex portion on the side of said coupler means, 
which side is opposite to the side facing said trans- 
parent substrate, 10 

each of one lateral face of said convex por- 
tion and the other lateral face thereof, which is 
opposite to said one lateral face, is constituted of a 
transparent plate, 

the region inside of said convex portion being filled is 
with said refractive index matching liquid, and 

said one lateral face and said other lateral 
face of said convex portion respectively serve as 
said light beam entry portion and said light beam 
radiating portion. 20 

8. A surface plasmon sensor as defined in Claim 1 
wherein said transparent substrate of said sensor 
unit is constituted of a main transparent substrate 
and a supporting transparent substrate, which have 25 
said predetermined refractive index and are in 
close contact with each other, 

said metal film is located on said main trans- 
parent substrate, and 

said supporting transparent substrate is 30 
located such that it may stand facing said coupler 
means with said refractive index matching liquid 
intervening therebetween. 

9. A surface plasmon sensor as defined in Claim 8 35 
wherein said main transparent substrate and said 
supporting transparent substrate are in dose con- 
tact with each other via a refractive index matching 
liquid, which has a refractive index approximately 
equal to said predetermined refractive index. 40 

10. A surface plasmon sensor as defined in Claim 1 
wherein a bonding reaction film is located on said 
metal film, and the surface plasmon sensor detects 

a specific substance, which is capable of undergo- 45 
ing a bonding reaction with said bonding reaction 
film. 

11. A surface plasmon sensor, comprising: 

50 

i) a sensor unit provided with a transparent 
substrate, which has a predetermined refrac- 
tive index, and a metal film, which is located on 
one surface side of said transparent substrate, 
and 55 

ii) a coupler means located on the other sur- 
face side of said transparent substrate, which 
surface side is opposite to said one surface, 



with a refractive index matching liquid, which 
has a refractive index approximately equal to 
said predetermined refractive index, interven- 
ing between said transparent substrate and 
said coupler means, 

said coupler means having a light beam 
entry portion, which is formed at a portion of 
said coupler means, and a light beam radiating 
portion, which is formed at a different portion of 
said coupler means, such that said coupler 
means may transmit a light beam having been 
entered from said light beam entry portion, may 
cause the transmitted light beam to impinge 
upon an interface between said transparent 
substrate and said metal film, may transmit the 
light beam having been totally reflected from 
said interface, and may then radiate the totally 
reflected light beam out of said light beam radi- 
ating portion, portions of said coupler means, 
which transmit the light beam, having a refrac- 
tive index approximately equal to said predeter- 
mined refractive index, 

the surface plasmon sensor causing the 
light beam to enter from said light beam entry 
portion and detecting an attenuated total 
reflection angle 0 sp from the light beam, which 
has been totally reflected from said interface 
and has then been radiated out of said light 
beam radiating portion, 

wherein a sensor unit support means is 
provided, said sensor unit support means sup- 
porting said sensor unit such that a distance 
between said transparent substrate and said 
coupler means may be Kept to be equal to a 
predetermined value, 

wherein the space between said trans- 
parent substrate and said coupler means is 
filled with said refractive index matching liquid, 
and 

wherein the surface plasmon sensor fur- 
ther comprises either one or both of an inci- 
dence position shifting means and a sensor 
unit relative movement means, 

said incidence position shifting means 
shifting the incidence position of the light beam 
at said light beam entry portion such that the 
light beam may successively impinge upon dif- 
ferent portions of said interface, which are 
taken along a predetermined direction, and 
under the same incidence conditions. 

said sensor unit relative movement 
means moving said sensor unit with respect to 
said coupler means and along a predetermined 
direction such that said distance between said 
transparent substrate and said coupler means 
may be kept to be equal to the predetermined 
value. 
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12. A surface plasmon sensor as defined in Claim 1 1 
wherein the surface plasmon sensor comprises 
both of said incidence position shifting means and 
said sensor unit relative movement means, and 

said predetermined direction, along which 5 
said different portions of said interface are taken in 
the shifting operation carried out by said incidence 
position shifting means, and said predetermined 
direction, along which said sensor unit is moved 
with respect to said coupler means by said sensor 10 
unit relative movement means, intersect with each 
other. 

13. A surface plasmon sensor as defined in Claim 11 
wherein said incidence position shifting means is a 15 
telecentric scanning optical system. 

14. A surface plasmon sensor as defined in Claim 11 
wherein said sensor unit support means is secured 

to a portion of said coupler means. 20 

15. A surface plasmon sensor as defined in Claim 11 
wherein a light-source optical means for producing 
the light beam and causing the light beam to enter 
into said light beam entry portion, a detection 
means for detecting an attenuated total reflection 
angle e sp from the light beam having been radiated 
out of said light beam radiating portion, and said 
coupler means are located on a base, 

said sensor unit support means is located on 
said base and secured thereto, 

said sensor unit is supported by said sensor 
unit support means such that said sensor unit can 
be moved with respect to said coupler means, and 

said sensor unit relative movement means 
moves said sensor unit. 

16. A surface plasmon sensor as defined in Claim 11 
wherein said sensor unit support means is located 
on a base and secured thereto, 

said sensor unit Is fixedly supported by said 
sensor unit support means, 

an optical system unit is located on said 
base such that said optical system unit can be 
moved with respect to said sensor unit, said optical 
system unit comprising a light-source optical 
means for producing the light beam and causing 
the light beam to enter into said light beam entry 
portion, a detection means for detecting an attenu- 
ated total reflection angle e sp from the light beam 
having been radiated out of said light beam radiat- 
ing portion, and said coupler means, and 

said sensor unit relative movement means 
moves said optical system unit. 

17. A surface plasmon sensor as defined in Claim 11 
wherein said sensor unit support means is located 
on a base and secured thereto, 
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said sensor unit is supported by said sensor 
unit support means such that said sensor unit can 
be moved with respect to said coupler means, 

said sensor unit relative movement means 
moves said sensor unit, 

an optical system unit is located on said 
base, said optical system unit comprising an optical 
means for a light source, which optical means 
causes the light beam to enter into said light beam 
entry portion, an optical means for a detection 
means, which optical means guides the light beam 
to the detection means for detecting an attenuated 
total reflection angle e sp from the light beam having 
been radiated out of said light beam radiating por- 
tion, and said coupler means, and 

the light source for producing the light beam 
and said detection means are releasably located on 
said base and at positions independent of said opti- 
cal system unit. 

18. A surface plasmon sensor as defined in Claim 11 
wherein said sensor unit support means is located 
on a base and secured thereto, 

said sensor unit is fixedly supported by said 
sensor unit support means, 

an optical system unit is located on said 
base such that said optical system unit can be 
moved with respect to said sensor unit, said optical 
system unit comprising an optical means for a light 
source, which optical means causes the light beam 
to enter into said light beam entry portion, an opti- 
cal means for a detection means, which optical 
means guides the light beam to the detection 
means for detecting an attenuated total reflection 
angle 0 sp from the light beam having been radiated 
out of said light beam radiating portion, and said 
coupler means, 

said sensor unit relative movement means 
moves said optical system unit, and 

the light source for producing the light beam 
and said detection means are releasably located on 
said base and at positions independent of said opti- 
cal system unit. 

19. A surface plasmon sensor as defined in Claim 11 
wherein said sensor unit support means is located 
on a base and secured thereto, 

said sensor unit is supported by said sensor 
unit support means such that said sensor unit can 
be moved with respect to said coupler means, 

said sensor unit relative movement means 
moves said sensor unit, 

an optical system unit is located on said 
base, said optical system unit comprising an optical 
means for a light source, which optical means 
causes the light beam to enter into said light beam 
entry portion, a detection means for detecting an 
attenuated total reflection angle e sp from the light 
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beam having been radiated out of said light beam 
radiating portion, and said coupler means, and 

the light source for producing the light beam 
is independently located at the exterior of said 
base. 

20. A surface plasmon sensor as defined in Claim 1 1 
wherein said sensor unit support means is located 
on a base and secured thereto, 

said sensor unit is fixedly supported by said 
sensor unit support means, 

an optical system unit is located on said 
base such that said optical system unit can be 
moved with respect to said sensor unit, said optical 
system unit comprising an optical means for a light 
source, which optical means causes the light beam 
to enter into said light beam entry portion, a detec- 
tion means for detecting an attenuated total reflec- 
tion angle from the light beam having been 
radiated out of said light beam radiating portion, 
and said coupler means, 

said sensor unit relative movement means 
moves said optical system unit, and 

the light source for producing the light beam 
is independently located at the exterior of said 
base. 

21. A surface plasmon sensor as defined in Claim 19 
wherein the surface plasmon sensor is provided 
with an optical fiber for guiding the light beam, 
which has been produced by said light source, to 
said optical means for the light source. 

22. A surface plasmon sensor as defined in Claim 20 
wherein the surface plasmon sensor is provided 
with an optical fiber for guiding the light beam, 
which has been produced by said light source, to 
said optical means for the light source. 

23. A surface plasmon sensor as defined in Claim 21 
wherein said optical fiber is a polarization plane 
keeping type of optical fiber. 

24. A surface plasmon sensor as defined in Claim 22 
wherein said optical fiber is a polarization plane 
keeping type of optical fiber. 

25. A surface plasmon sensor as defined in Claim 1 1 
wherein the surface plasmon sensor further com- 
prises a matching liquid supply means, which sup- 
plies said refractive index matching liquid into said 
space, and 

a vacant member, which communicates with 
said space and allows said refractive index match- 
ing liquid to be introduced up to a position higher 
than said other surface of said transparent sub- 
strate, 

said refractive index matching liquid being 



filled in said space by said matching liquid supply 
means. 

26. A surface plasmon sensor as defined in Claim 1 1 
5 wherein a liquid reservoir for storing said refractive 

index matching liquid therein is formed on the side 
of said coupler means, which side stands facing 
said transparent substrate, 

said transparent substrate is provided with a 
10 waterproof wall, which surrounds said metal film, 
and 

said sensor unit is supported in said liquid 
reservoir such that said other surface of said trans- 
parent substrate may be immersed in said refrac- 
75 tive index matching liquid. 

27. A surface plasmon sensor as defined in Claim 1 1 
wherein said coupler means is provided with a 
prism, and 

20 said light beam entry portion and said light 

beam radiating portion are formed in said prism. 

28. A surface plasmon sensor as defined in Claim 1 1 
wherein each of said light beam entry portion and 

25 said light beam radiating portion of said coupler 
means is constituted of a diffraction grating. 

29. A surface plasmon sensor as defined in Claim 1 1 
wherein said coupler means is provided with a con- 

30 vex portion on the side of said coupler means, 
which side is opposite to the side facing said trans- 
parent substrate, 

each of one lateral face of said convex por- 
tion and the other lateral face thereof, which is 

35 opposite to said one lateral face, is constituted of a 
transparent plate, the region inside of said convex 
portion being filled with said refractive index match- 
ing liquid, and 

said one lateral face and said other lateral 

40 face of said convex portion respectively serve as 
said light beam entry portion and said light beam 
radiating portion. 

30. A surface plasmon sensor as defined in Claim 1 1 
45 wherein said transparent substrate of said sensor 

unit is constituted of a supporting transparent sub- 
strate and a main transparent substrate, which is 
located on said supporting transparent substrate, 

said metal film is located on said main trans- 
50 parent substrate, and 

said supporting transparent substrate is 
located such that it may stand facing said coupler 
means with said refractive index matching liquid 
intervening therebetween. 

55 

31. A surface plasmon sensor as defined in Claim 11 
wherein a bonding reaction film is located on said 
metal film, and the surface plasmon sensor detects 
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a specific substance, which is capable of undergo- 
ing a bonding reaction with said bonding reaction 
film. 

32. A surface plasmon sensor as defined in Claim 1 1 5 
wherein different kinds of bonding reaction films are 
located at different positions on said metal film, and 
the surface plasmon sensor detects a specific sub- 
stance, which is capable of undergoing a bonding 
reaction with each of said bonding reaction films. 10 

33. A surface plasmon sensor as defined in Claim 1 1 
wherein said transparent substrate of said sensor 
unit is constituted of a supporting transparent sub- 
strate and a plurality of main transparent sub- is 
strates, which are located at different positions on 
said supporting transparent substrate, 

metal films are located respectively on the 
plurality of said main transparent substrates, and 

said supporting transparent substrate is 20 
located such that it may stand facing said coupler 
means with said refractive index matching liquid 
intervening therebetween. 

34. A surface plasmon sensor as defined in Claim 33 25 
wherein the plurality of said main transparent sub- 
strates have different substrate sizes. 

35. A surface plasmon sensor as defined in Claim 33 
wherein bonding reaction films are located respec- 30 
tively on said metal films, each of which is located 

on one of said main transparent substrates, and the 
surface plasmon sensor detects a specific sub- 
stance, which is capable of undergoing a bonding 
reaction with each of said bonding reaction films. 35 

36. A surface plasmon sensor as defined in Claim 35 
wherein said bonding reaction films are different 
kinds of reaction films. 

40 

37. A surface plasmon sensor as defined in Claim 30 
wherein said supporting transparent substrate and 
said main transparent substrate are in close contact 
with each other via a refractive index matching liq- 
uid, which has a refractive index approximately 45 
equal to said predetermined refractive index. 

38. A surface plasmon sensor as defined in Claim 33 
wherein said supporting transparent substrate and 
each of said main transparent substrates are in so 
close contact with each other via a refractive index 
matching liquid, which has a refractive index 
approximately equal to said predetermined refrac- 
tive index. 

55 

39. A surface plasmon sensor as defined in Claim 30 
wherein said main transparent substrate is releasa- 
bly located on said supporting transparent sub- 



strate. 

40. A surface plasmon sensor as defined in Claim 33 
wherein said main transparent substrates are 
releasably located on said supporting transparent 
substrate. 

41. A surface plasmon sensor, comprising: 

i) a sensor unit provided with a transparent 
substrate, which has a predetermined refrac- 
tive index, and a metal film, which is located on 
one surface side of said transparent substrate 
and brought into contact with a sample, 

ii) a coupler means located on the other sur- 
face side of said transparent substrate, which 
surface side is opposite to said one surface, 
with a refractive index matching liquid, which 
has a refractive index approximately equal to 
said predetermined refractive index, interven- 
ing between said transparent substrate and 
said coupler means, 

said coupler means having a light beam 
entry portion, which is formed at a portion of 
said coupler means, and a tight beam radiating 
portion, which is formed at a different portion of 
said coupler means, such that said coupler 
means may transmit a light beam having been 
entered from said light beam entry portion, may 
cause the transmitted light beam to impinge 
upon an interface between said transparent 
substrate and said metal film, may transmit the 
light beam having been totally reflected from 
said interface, and may then radiate the totally 
reflected light beam out of said light beam radi- 
ating portion, portions of said coupler means, 
which transmit the light beam, having a refrac- 
tive index approximately equal to said predeter- 
mined refractive index, and 

iii) a light source for producing the light beam, 

the surface plasmon sensor collimating 
the light beam, which has been produced by 
said light source, causing the collimated light 
beam to enter from said light beam entry por- 
tion, and detecting an attenuated total reflec- 
tion angle 0 sp from the light beam, which has 
been totally reflected from said interface and 
has then been radiated out of said light beam 
radiating portion, 

wherein each of said light beam entry 
portion and said light beam radiating portion is 
constituted of a hologram optical element. 

42. A surface plasmon sensor as defined in Claim 41 
wherein said hologram optical element is designed 
to converge the incident collimated light beam to a 
predetermined position, 

a light source moving means is provided, 
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said light source moving means moving said light 
source in a plane, which is parallel to said interface, 
and in a direction heading towards said predeter- 
mined position or in a direction heading away from 
said predetermined position, and 5 

said light source is moved, whereby the light 
beam is caused to enter from different positions on 
said light beam entry portion and caused to 
impinge upon said interlace at various different 
angles of incidence and at said predetermined 10 
position. 

43. A surface plasmon sensor as defined in Claim 42 
wherein said hologram optical element has lens 
functions and aberration compensating functions. 15 
and the light beam is converged to said predeter- 
mined position by said lens functions and said aber- 
ration compensating functions. 

44. A surface plasmon sensor as defined in Claim 42 20 
wherein said hologram optical element has cylindri- 
cal lens functions and aberration compensating 
functions, and the light beam is converged to said 
predetermined position by said cylindrical lens 
functions and said aberration compensating func- 25 
tions. 

45. A surface plasmon sensor as defined in Claim 44 
wherein the surface plasmon sensor further com- 
prises a position regulating means for regulating 30 
the position of said sensor unit such that a distance 
between said transparent substrate and said cou- 
pler means may be kept to be equal to a predeter- 
mined value, and 

a sensor unit moving means for moving said 35 
sensor unit in a predetermined direction, 

the space between said transparent sub- 
strate and said coupler means being filled with said 
refractive index matching liquid. 

40 

46. A surface plasmon sensor as defined in Claim 44 
wherein the surface plasmon sensor further com- 
prises an incidence position shifting means for shift- 
ing the incidence position of the light beam at said 
light beam entry portion such that the light beam 45 
may successively impinge upon different portions of 
said interlace, which are taken along the same 
direction as an axial direction of said cylindrical lens 
functions. 
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(54) Surface plasmon sensor 

(57) A surface plasmon sensor comprises a sensor 
unit, which is provided with a transparent substrate and 
a metal film, and a coupler, which carries out light beam 
coupling and is separate from the sensor unit. A light 
beam is entered from a light beam entry portion of the 
coupler, and an attenuated total reflection angle 6 sp is 
detected from the light beam, which has been totally 
reflected from an interface between the transparent 
substrate and the metal film and has then been radiated 
out of a light beam radiating portion of the coupler. The 
sensor unit is supported by a sensor unit attachment 
such that a distance between the transparent substrate 
and the coupler may be kept to be equal to a predeter- 
mined value. The space between the transparent sub- 
strate and the coupler is filled with a refractive index 
matching liquid. Fitting of the sensor unit in the surface 
plasmon sensor is easy to carry out, and the relation- 
ship between positions of the sensor unit and the cou- 
pler can be kept constant. 
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